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(57) ABSTRACT

A control apparatus for a drive-force transmitting apparatus
that includes a gear mechanism and a continuously-variable
transmission mechanism including primary and secondary
pulleys and actuators that apply first and second thrusts to
the respective first and second pulleys. When a target gear
ratio of the continuously-varniable transmission mechanism
1s a highest gear ratio in a gear running mode, the control
apparatus sets a value of the thrust ratio, which 1s used when
calculating a target value of a secondary thrust, to a value
that increases a diflerence between a lower limit value of the
primary thrust and the target value of the secondary thrust,
and sets a value of the thrust ratio, which 1s used when
calculating a target value of the primary thrust, to a value
that increases a diflerence between the target value of the
secondary thrust and the target value of the primary thrust.

10 Claims, 10 Drawing Sheets
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CONTROL APPARATUS FOR VEHICLE
DRIVE-FORCE TRANSMITTING
APPARATUS

This application claims priority from Japanese Patent
Application No. 2017-252416 filed on Dec. 27, 2017, the

disclosure of which 1s herein incorporated by reference in 1ts
entirety.

FIELD OF THE INVENTION

The present invention relates to a control apparatus for a
drive-force transmitting apparatus that 1s to be provided in a
vehicle, wherein the drive-force transmitting apparatus has
a plurality of drive-force transmitting paths that are provided
in parallel with each other between a drive force source and
drive wheels of the vehicle.

BACKGROUND OF THE INVENTION

There 1s known a control apparatus for a vehicle drive-
force transmitting apparatus defining a drive-force transmit-
ting path through which a drive force 1s to be transmitted by
a continuously-variable transmission mechanism including a
primary pulley, a secondary pulley, and a transfer element in
the form of a belt or a chain that 1s looped over the primary
and secondary pulleys. JP-3403164B2 discloses such a
control apparatus for a vehicle dnive-force transmitting
apparatus. In the disclosed control apparatus, a primary-side
slip limit thrust that 1s minimally required by the primary
pulley to prevent slippage of the transfer element on the
primary pulley and a secondary-side slip limit thrust that 1s
mimmally required by the secondary pulley to prevent
slippage of the transier element on the secondary pulley are
calculated, and a secondary-side shifting-control thrust that
1s required by the secondary pulley 1s calculated based on the
primary-side slip limit thrust and a thrust ratio (=thrust
applied to secondary pulley/thrust applied to primary pulley)
that corresponds to a target gear ratio of the continuously-
variable transmission mechamsm. Then, a larger one of the
secondary-side shifting-control thrust and the secondary-
side slip limit thrust i1s selected as a secondary target thrust
that 1s to be applied to the secondary pulley, and a primary
target thrust 1s calculated based on the secondary target
thrust and the thrust ratio that corresponds to the target gear
ratio.

Further, there 1s also known a vehicle drive-force trans-
mitting apparatus, as a vehicle driving apparatus disclosed in
JP-2015-105708A, which defines drive-force transmitting
paths provided 1n parallel with each other between an input
rotary member (to which the drive force 1s to be transmitted
from the drive force source) and an output rotary member
(from which the drive force 1s to be outputted toward the
drive wheels), wherein the drive-force transmitting paths
include (1) a first drive-force transmitting path which is to be
established by engagement of a first engagement device and
through which the drive force 1s to be transmitted by a gear
mechanism that provides a gear ratio and (1) a second
drive-force transmitting path which 1s to be established by
engagement of a second engagement device and through
which the drive force 1s to be transmitted by a the continu-
ously-variable transmission mechanism.

SUMMARY OF THE INVENTION

By the way, in the drive-force transmitting apparatus
defining the first and second drive-force transmitting paths
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2

which are parallel with each other and through which the
drive force 1s to be transmitted by the gear mechanism and
the continuously-variable transmission mechanism, respec-
tively, 1t 1s preferable to appropnately control the gear ratio
of the continuously-variable transmission mechanism, for
example, even during runming of the vehicle with the second
engagement device being completely released such as run-
ning with the first drive-force transmitting path being estab-
lished. Where the gear ratio of the continuously-variable
transmission mechanism 1s to be kept at the highest gear
ratio during the running with the second engagement device
being completely released, 1t might be possible to facilitate
the highest gear ratio to be kept, for example, by setting the
primary target thrust (that 1s calculated based on the sec-
ondary target thrust) to a value lower than a value that
corresponds to the highest gear ratio to establish the highest
gear ratio. Each of the pulleys of the continuously-variable
transmission mechanism 1s rotated even during the runming
with the second engagement device being completely
released, so that a centrifugal hydraulic pressure 1s generated
in each pulley by rotation of the pulley, so as to cause a
centrifugal thrust to act on each pulley. Thus, a structural
limit minimum thrust, which contains the centrifugal thrust,
structurally acts on each pulley. Since the centrifugal thrust
tends to be increase with increase of rotational speed of the
pulley, the primary target thrust could be smaller than the
structural limit minimum thrust acting on the primary pulley
during the running with the second engagement device being
completely released. In this case, even 1 a command based
on the primary target thrust 1s outputted, the thrust applied
to the primary pulley 1s caused to be the structural limit
minimum thrust (acting on the primary pulley) that 1s larger
than the primary target thrust, so that the gear ratio of the
continuously-variable transmission mechamsm could not be
kept at the highest gear ratio. It 1s noted that the term “gear
ratio” 1s defined as “rotational speed of mput-side rotary
member/rotational speed of output-side rotary member”. For
example, the gear ratio of the above-described drive-force
transmitting apparatus 1s defined as “rotational speed of the
input rotary member/rotational speed of the output rotary
member”, and the gear ratio of the above-described con-
tinuously-variable transmission 1s defined as “rotational
speed of the primary pulley/rotational speed of the second-
ary pulley”. A vehicle running speed could be lower as the
gear ratio 1s higher, and could be higher as the gear ratio 1s
lower. The above-described highest gear ratio of the con-
tinuously-variable transmission mechamsm can be
expressed also as a lowest-speed gear ratio.

The present mnvention was made 1 view of the back-
ground art described above. It 1s therefore an object of the
present invention to provide a control apparatus for a vehicle
drive-force transmitting apparatus, which 1s capable of keep-
ing a gear ratio of the continuously-variable transmission
mechanism at a highest gear ratio, where a target gear ratio
of the continuously-variable transmission mechanism i1s the
highest gear ratio during vehicle running with the second
engagement device being completely released.

The object indicated above 1s achieved according to the
following aspects of the present invention.

According to a first aspect of the invention, there 1is
provided a control apparatus for a drive-force transmitting,
apparatus that 1s to be provided 1n a vehicle having a drive
force source and drive wheels. The drive-force transmitting
apparatus includes: an input rotary member to which a drive
force 1s to be transmitted from the drive force source; an
output rotary member from which the drive force 1s to be
outputted to the drive wheels; a gear mechanism configured
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to provide at least one gear ratio; a continuously-variable
transmission mechanism including a primary pulley, a sec-
ondary pulley, and a transfer element that 1s looped over the
primary and secondary pulleys, such that the primary pulley
includes a primary hydraulic actuator configured to apply a
primary thrust, based on which the transier element 1s to be
clamped by the primary pulley, and such that the secondary
pulley includes a secondary hydraulic actuator configured to
apply a secondary thrust, based on which the transfer
clement 1s to be clamped by the secondary pulley; and first
and second engagement devices. The drive-force transmit-
ting apparatus defines a plurality of drive-force transmitting,
paths that are provided 1n parallel with each other between
the iput rotary member and the output rotary member such
that the drive force 1s to be transmitted from the input rotary
member to the output rotary member through the drive-force
transmitting paths. The plurality of drive-force transmitting
paths includes a first drive-force transmitting path that 1s to
be established by engagement of the first engagement
device, such that the drive force 1s to be transmitted by the
gear mechanism through the first dnive-force transmitting
path when the first drive-force transmitting path 1s estab-
lished by the engagement of the first engagement device.
The plurality of drive-force transmitting paths include a
second drive-force transmitting path that 1s to be established
by engagement of the second engagement device, such that
the drive force 1s to be transmitted by the continuously-
variable transmission mechanism through the second drive-
force transmitting path when the second drive-force trans-
mitting path 1s established by the engagement of the second
engagement device.

The control apparatus comprises a
transmission shifting control portion configured to calculate,
based on an mput torque inputted to the continuously-
variable transmission mechanism, a thrust ratio which 1s a
rat1o of the secondary thrust to the primary thrust and which
corresponds to a target gear ratio of the continuously-
variable transmission mechamsm. When the target gear ratio
1s a highest gear ratio of the continuously-variable transmis-
sion mechanism during running of the vehicle with the
second engagement device being completely released, the
transmission shifting control portion 1s configured to set a
first value of the thrust ratio, which 1s used when calculating
a target value of the secondary thrust based on a lower limait
value of the primary thrust that 1s not smaller than a
centrifugal thrust acting on the primary pulley, and to set a
second value of the thrust ratio, which 1s used when calcu-
lating a target value of the primary thrust based on the target
value of the secondary thrust, such that the first value of the
thrust ratio 1s set to a first-diflerence increasing value that
causes a first diflerence between the lower limit value of the
primary thrust and the target value of the secondary thrust to
be larger, than a value that corresponds to the highest gear
ratio as the target gear ratio, and such that the second value
of the thrust ratio 1s set to a second-diflerence increasing
value that causes a second diflerence between the target
value of the secondary thrust and the target value of the
primary thrust to be larger, than a value that corresponds to
the highest gear ratio as the target gear ratio.

According to a second aspect of the invention, in the
control apparatus according to the first aspect of the inven-
tion, when the target gear ratio 1s not the highest gear ratio
of the continuously-variable transmission mechanism during
the running of the vehicle with the second engagement
device being completely released, the transmission shifting
control portion 1s eenﬁgured to set the first value of the
thrust ratio to the first-difference increasing value, and to set
the second value of the thrust ratio to the value that corre-
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4

sponds to the target gear ratio. The control apparatus may
further comprises a state determining portion that 1s config-
ured, during running of the vehicle, to determine whether the
second engagement device 1s completely released or not and
whether the target gear ratio 1s the highest gear ratio or not,
wherein, when the state determining portion determines that
the second engagement device 1s completely released and
that the target gear ratio 1s the highest gear ratio, the
transmission shifting control portion 1s configured to set the
first value of the thrust ratio to the first-difference increasing
value, and to set the second value of the thrust ratio to the
second-diflerence increasing value, and wherein, when the
state determining portion determines that the second engage-
ment device 1s completely released and that the target gear
ratio 1s not the highest gear ratio, the transmission shifting
control portion 1s configured to set the first value of the
thrust ratio to the first-difference increasing value, and to set
the second value of the thrust ratio to the value that corre-

sponds to the target gear ratio.

According to a third aspect of the invention, in the control
apparatus according to the first or second aspect of the
invention, the second engagement device i1s a wet-type
frictional engagement device, wherein the transmission
shifting control portion 1s configured, during the running of
the vehicle with the second engagement device being com-
pletely released, to handle a drag torque of the second
engagement device as the input torque inputted to the
continuously-variable  transmission mechanism, and
wherein each of the first-diflerence increasing value and the
second-difference increasing value includes an added value
in addition to the value that corresponds to the highest gear
ratio as the target gear ratio, wherein the added value 1s
determined based on variation of the drag torque of the
second engagement device.

According to a fourth aspect of the invention, in the
control apparatus according to any one of the first through
third aspects of the invention, the running of the vehicle with
the second engagement device being completely released
corresponds to running of the vehicle with the first drive-
force transmitting path being established, wherein the trans-
mission shifting control portion 1s configured to set the target
gear ratio to the highest gear ratio, during the running of the
vehicle with the first drive-force transmitting path being
established.

According to a fifth aspect of the invention, in the control
apparatus according to any one of the second through fourth
aspects of the imnvention, the running of the vehicle with the
second engagement device being completely released cor-
responds to running of the vehicle 1 a neutral state of the
drive-force transmitting apparatus 1n which the first engage-
ment device as well as the second engagement device 1s
released, wherein the transmission shifting control portion 1s
configured, during the runming of the vehicle 1n the neutral
state at a running speed that 1s 1n a relatively high range, to
set the target gear ratio to a value that 1s dependent on the
running speed, and 1s configured, during the running of the
vehicle 1n the neutral state at a running speed that 1s 1n a
relatively low range, to set the target gear ratio to the highest
gear ratio.

According to a sixth aspect of the invention, 1n the control
apparatus according to any one of the first through fifth
aspects of the invention, the transmission shifting control
portion 1s configured to select, as the lower limit value of the
primary thrust, a larger one of (1) a slip limit thrust which 1s
minimally required to prevent slippage of the transier ele-
ment on the primary pulley and (1) a structural limat
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mimmum thrust which contains the centrifugal thrust acting
on the primary pulley and which acts on the primary pulley.

According to a seventh aspect of the mvention, 1n the
control apparatus according to the sixth aspect of the inven-
tion, the transmission shifting control portion 1s configured
to select, as a lower limit value of the secondary thrust, a
larger one of (111) a slip limit thrust which 1s minimally
required to prevent slippage of the transier element on the
secondary pulley and (1v) a structural limit minimum thrust
which contains a centrifugal thrust acting on the secondary
pulley and which physically acts on the secondary pulley,
wherein the transmission shifting control portion 1s config-
ured to select, as the target value of the secondary thrust, a
larger one of (v) the lower limit value of the secondary thrust
and (v1) a value of the secondary thrust which 1s calculated
based on the lower limit value of the primary thrust.

According to an eighth aspect of the invention, 1n the
control apparatus according to the sixth or seventh aspect of
the mnvention, wherein the transmission shifting control
portion 1s configured to calculate the slip limit thrust based
on a gear ratio of the continuously-variable transmission
mechanism and the input torque inputted to the continu-
ously-variable transmission mechanism.

According to an ninth aspect of the nvention, in the
control apparatus according to any one of the first through
eighth aspects of the invention, the continuously-variable
transmission mechanism, by which the drive force 1s to be
transmitted through the second dnive-force transmitting
path, provides a continuously-variable gear ratio that 1s
lower than at least one of the at least one gear ratio provided
by the gear mechanism by which the drive force 1s to be
transmitted through the first drive-force transmitting path.

In the control apparatus according to the first aspect of the
invention, where the target gear ratio of the continuously-
variable transmission mechanism (that provides a continu-
ously-variable gear ratio that i1s varniable within a given
range) 1s the highest gear ratio (that corresponds to a
maximum value within the given range of the continuously-
variable gear ratio) during running of the vehicle with the
second engagement device being completely released, the
above-described first value of the thrust ratio, which 1s used
for calculating the target value of the secondary thrust based
on the lower limit value of the primary thrust that 1s not
smaller than the centrifugal thrust acting on the primary
pulley, 1s set to the first-difference increasing value that
causes the first difference of the lower limit value of the
primary thrust and the target value of the secondary thrust to
be larger, than the value that corresponds to or establishes
the highest gear ratio as the target gear ratio, and the
above-described second value of the thrust ratio, which 1s
used when for calculating the target value of the primary
thrust based on the target value of the secondary thrust, 1s set
to the second-difference increasing value that causes the
second difference of the target value of the secondary thrust
and the target value of the primary thrust to be larger, than
the value that corresponds to or establishes the highest gear
ratio as the target gear ratio. Thus, the target value of the
primary thrust 1s made not smaller than the lower limit value
of the primary thrust, while being made smaller than a thrust
value by which the gear ratio of the continuously-variable
transmission mechanism 1s kept at the highest gear ratio.
That 1s, the thrust ratio, which corresponds to a higher gear
ratio higher than the highest gear ratio, 1s obtained, and the
target value of the secondary thrust, which makes it possible
to obtain the target value of the primary thrust that 1s not
smaller than the lower limit value of the primary thrust, 1s
calculated. Therefore, where the target gear ratio of the
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continuously-variable transmission mechanism 1s the high-
est gear ratio during the runming with the second engage-
ment device being completely released, it 1s possible to keep
the gear ratio of the continuously-variable transmission
mechanism at the highest gear ratio.

In the control apparatus according to the second aspect of
the invention, where the target gear ratio of the continu-
ously-variable transmission mechanism 1s not the highest
gear ratio during the running of the vehicle with the second
engagement device being completely released, the above-
described first value of the thrust ratio 1s set to the first-
difference increasing value that causes the first difference of
the lower limit value of the primary thrust and the target
value of the secondary thrust to be larger, than the value that
corresponds to or establishes the highest gear ratio as the
target gear ratio, and the above-described second value of
the thrust ratio 1s set to the value that corresponds to or
establishes the target gear ratio. Thus, the thrust ratio, which
corresponds to or establishes the target gear ratio, 1is
obtained, and the target value of the secondary thrust, which
makes 1t possible to obtain the target value of the primary
thrust that 1s not smaller than the lower limit value of the
primary thrust, 1s calculated. Further, 1t 1s possible to avoid
an actual value of the gear ratio of the continuously-variable
transmission mechanism from being deviated from the target
gear ratio toward a higher value.

In the control apparatus according to the third aspect of
the ivention, during the running of the vehicle with the
wet-type frictional engagement device as the second engage-
ment device being completely released, the drag torque of
the second engagement device 1s handled as the mput torque
inputted to the continuously-variable transmission mecha-
nism, and each of the above-described first-difference
increasing value and second-difference increasing value
contains the added value in addition to the value that
corresponds to or establishes the highest gear ratio as the
target gear ratio, wherein the added value 1s determined
based on variation of the drag torque of the second engage-
ment device. Thus, the target value of the secondary thrust,
which makes 1t possible to obtain the target value of the
primary thrust that 1s not smaller than the lower limit value
of the primary thrust, 1s appropnately calculated. Further,
cach of the first-difference increasing value and second-
difference increasing value can be appropriately set.

In the control apparatus according to the fourth aspect of
the mvention, the running of the vehicle with the second
engagement device being completely released corresponds
to running of the vehicle with the first drive-force transmit-
ting path being established, and the target gear ratio 1s set to
the highest gear ratio during the running of the vehicle with
the first drive-force transmitting path being established.
Thus, 1t 1s possible to keep the gear ratio of the continuously-
variable transmission mechanism at the highest gear ratio
during the running with the first drive-force transmitting
path being established.

In the control apparatus according to the fifth aspect of the
invention, the running of the vehicle with the second
engagement device being completely released corresponds
to running of the vehicle 1n a neutral state of the drive-force
transmitting apparatus in which the first engagement device
as well as the second engagement device 1s released, and the
target gear ratio 1s set to a value that 1s dependent on the
running speed during the running in the neutral state with the
running speed being in a relatively high range, and 1s set to
the highest gear ratio during the running in the neutral state
with the running speed being 1n a relatively low range. Thus,
during the running in the neutral state at the running speed
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that 1s 1n the relatively low range, the gear ratio of the
continuously-variable transmission mechanism can be kept
at the highest gear ratio. Further, during the running 1n the
neutral state at the running speed that 1s 1n the relatively high
range, an actual value of the gear ratio of the continuously-
variable transmission mechanism can be avoided from being
deviated from the target gear ratio toward a higher value.

In the control apparatus according to the sixth aspect of
the invention, a larger one of (1) the slip limit thrust which
1s mimimally required to prevent slippage of the transfer
clement on the primary pulley and (1) the structural limait
mimmum thrust which contains the centrifugal thrust acting,
on the primary pulley and which physically acts on the
prlmary pulley, 1s selected as the lower limit value of the
primary thrust. Thus, the target value of the secondary thrust,
which prevents shppage of the transfer element on the
primary pulley and which provides the target value of the
primary thrust that 1s not smaller than the structural limit
minmimum thrust, 1s calculated.

In the control apparatus according to the seventh aspect of
the invention, a larger one of (111) the slip limit thrust which
1s mimmally required to prevent slippage of the transfer
clement on the secondary pulley and (1v) the structural limat
mimmum thrust which contains the centrifugal thrust acting,
on the secondary pulley and which physically acts on the
secondary pulley, 1s selected as the lower limit value of the
secondary thrust, and then a larger one of (v) the lower limit
value of the secondary thrust and (vi) a value of the
secondary thrust that 1s calculated based on the lower limait
value of the primary thrust, 1s selected as the target value of
the secondary thrust. Thus, the target value of the secondary
thrust, which prevents shppage of the transfer element on the
primary pulley and on the secondary pulley and which
provides the target value of the primary thrust that 1s not
smaller than the structural limit minimum thrust, 1s calcu-
lated.

In the control apparatus according to the eighth aspect of
the mnvention, the slip limit thrust, which 1s minimally
required to prevent slippage of the transfer element on each
of the primary and secondary pulleys, 1s calculated based on
a gear ratio (1.e., the target gear ratio or an actual value of the
gear ratio) of the continuously-variable transmission mecha-
nism and the mput torque mputted to the continuously-
variable transmission mechanism. Thus, the target value of
the primary thrust, which prevents slippage of the transier
clement on the primary pulley, 1s appropnately calculated.
Further, where the feature of this eighth aspect of the
invention 1s combined with the feature of the seventh aspect
of the invention, the target value of the secondary thrust,
which prevents slippage of the transfer element on the
secondary pulley, 1s appropriately calculated.

In the control apparatus according to the ninth aspect of
the 1nvention, the continuously-variable transmission
mechanism, by which the drive force 1s to be transmitted
through the second drive-force transmitting path, provides a
continuously-variable gear ratio that 1s lower than at least
one of the at least one gear ratio provided by the gear
mechanism by which the drnive force 1s to be transmitted
through the first drive-force transmitting path. Thus, when
the continuously-variable gear ratio of the continuously-
variable transmission mechanism 1s the highest gear ratio,
the gear ratio established in the second drive-force trans-
mitting path becomes the closest to the gear ratio established
in the first drive-force transmitting path.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing a construction of a
vehicle to be controlled by a control apparatus according to
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the present invention, and major control functions and
control portions of the control apparatus;

FIG. 2 1s a view lfor explamning a construction of a
continuously-variable transmission mechanism;

FIG. 3 1s a view showing an example for explaining
thrusts required for a shifting control;

FIG. 4 1s a view showing, by way of example, a relation-
ship between the thrusts at a point t2 of time shown 1n FIG.
3;

FIG. 5 1s a block diagram showing an arrangement for
controls performed to prevent a belt slippage and establish
a target gear ratio, with mimimally required thrusts;

FIG. 6 1s a block diagram showing, by way of example,
an arrangement for a control performed at block B11 1n FIG.
S;

FIG. 7 1s a block diagram showing, by way of example,
an arrangement for a control performed at block B21 1n FIG.
S;

FIG. 8 1s a view showing, by way of example, a thrust
ratio map for calculating a first value of a thrust ratio, which
1s used to calculate the thrust to be applied to a secondary
pulley;

FIG. 9 1s a view showing, by way of example, a thrust
ratio map for calculating a second value of the thrust ratio,
which 1s used to calculate the thrust to be applied to a
primary pulley;

FIG. 10 1s a view showing, by way of example, a
gear-ratio-changing thrust map for calculating a secondary
gear-ratio changing thrust;

FIG. 11 1s a view showing, by way of example, a
gear-ratio-changing thrust map for calculating a primary
gear-ratio changing thrust;

FIG. 12 1s a view showing, by way of example according
to an embodiment of the present invention, a flow of
processing 1n which a secondary target thrust 1s calculated
based on a primary-side lower-limit thrust in a steady state
in which a gear ratio 1s kept at a highest gear ratio;

FIG. 13 1s a flow chart showing a main part of a control
routine executed by the control apparatus, namely, a control
routine that 1s executed for keeping the gear ratio at the
highest gear ratio as a target gear ratio during running of the
vehicle with a second clutch being completely released; and

FIG. 14 15 a view showingj by way of a comparative
example a flow of processing in which the secondary target
thrust 1s calculated based on the prlmary-51de lower-limit
thrust 1n the steady state 1n which the gear ratio 1s kept at the
highest gear ratio.

ERRED

DETAILED DESCRIPTION OF PR
EMBODIMENT

g
Y

In the embodiment of the present invention, each of the
primary pulley (1.e., input-side pulley) and the secondary
pulley (1.e., output-side pulley) includes, for example, a
fixed sheave, a movable sheave and a hydraulic actuator,
which 1s configured to apply a thrust for changing a width of
an annular groove defined between the fixed and movable
sheaves of a corresponding one of the primary and second-
ary pulleys. A vehicle provided with the above-described
drive-force transmitting apparatus includes a hydraulic con-
trol umt configured to control pulley hydraulic pressures
supplied as working hydraulic pressures to the respective
hydraulic actuators, independently of each other. The
hydraulic control umt may be configured to control an
amount of flow of a working fluid supplied to each of the
hydraulic actuators so as to consequently generate the pulley
hydraulic pressures, for example. A shifting control opera-
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tion 1s performed by the hydraulic control unit to execute a
shifting action to establish a target gear ratio while prevent-

ing slippage of a transfer element in the continuously-
variable transmission mechanism, by controlling the thrust
(=pulley hydraulic pressure * pressure receirving area)
applied to each of the primary and secondary pulleys. The
transfer element, which 1s looped over the primary and
secondary pulleys, may be a compression-type endless
annular transmission belt including at least one endless
annular hoop and a multiplicity of thick-plate-shaped block
clements that are held by the at least one endless annular
hoop so as to be arranged in their thickness direction
corresponding to a circumierential direction of the transmis-
sion belt, along the at least one endless annular hoop, or
alternatively, a tension-type belt constituting an endless
annular link chain icluding a plurality of link plates alter-
nately superposed and mutually connected at their end
portions through connecting pins. The above-described con-
tinuously variable transmission mechanism 1s a known belt-
type continuously-variable transmission, and can be broadly
interpreted to conceptually encompass not only the belt-type
continuously-variable transmission but also a chain-type
continuously-variable transmission.

The above-described drive force source 1s, for example,
an 1internal combustion engine such as a gasoline engine and
a diesel engine generating a drive force by combustion of
tuel supplied thereto. The vehicle may be equipped with, 1n
addition to or in place of a drive force source in the form of
the engine, another drive force source 1n the form of, for
example, an electric motor.

Hereinafter, a preferred embodiment of the invention waill
be described in detail with reference to the accompanying,
drawings.

Embodiment

FIG. 1 1s a schematic view showing a construction of a
vehicle 10 to be controlled by a control apparatus according,
to the present invention, and major control functions and
control portions of the control apparatus. As shown 1n FIG.
1, the vehicle 10 1s provided with an engine 12 functioning
as a drive force source configured to generate a drive force,
drive wheels 14 and a drive-force transmitting apparatus 16
that 1s provided in drive-force transmitting paths between
the engine 12 and the drive wheels 14.

The drive-force transmitting apparatus 16 includes a
non-rotary member in the form of a casing 18, a fluid-
operated type drive-force transmitting device 1n the form of
a known torque converter 20 that 1s connected to the engine
12, an mnput shaft 22 connected to the torque converter 20,
a continuously-variable transmission mechanism 24 con-
nected to the input shaft 22, a forward/reverse switching,
device 26 connected to the mnput shait 22, a gear mechanism
28 which 1s provided in parallel with the continuously-
variable transmission mechanism 24 and which 1s connected
to the mput shaft 22 via the forward/reverse switching
device 26, an output shaft 30 serving as an output rotary
member that 1s common to the continuously-variable trans-
mission mechanism 24 and the gear mechanism 28, a
counter shaft32, a reduction gear device 34 consisting of a
pair of mutually meshing gears each of which 1s connected
to a corresponding one of the output shaft 30 and the counter
shaft32 so as to unrotatable relative to the corresponding one
of the shafts 30, 32, a gear 36 connected to the counter
shaft32 so as to be unrotatable relative to the counter
shaft32, and a differential gear device 38 connected to the
gear 36. The torque converter 20, mput shaft 22, continu-
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ously-variable transmission mechanism 24, forward/reverse
switching device 26, gear mechanism 28, output shait 30,
counter shaft32, reduction gear device 34, gear 36 and
differential gear device 38 are disposed within the casing 18.
The drive-force transmitting apparatus 16 further includes
right and leit axles 40 that are connected to the differential
gear device 38. The input shait 22 serves as an mput rotary
member to which the drive force of the engine 12 1s to be
inputted. The output shaft 30 serves as the output rotary
member through which the drive force of the engine 12 1s to
be outputted. It 1s noted that the above-described drive force
1s synonymous with a drive torque or a drive power unless
otherwise distinguished from them.

In the drive-force transmitting apparatus 16 constructed as
described above, the drive force generated by the engine 12
1s transmitted to the night and left drive wheels 14, via the
torque converter 20, forward/reverse switching device 26,
gear mechanism 28, reduction gear device 34, differential
gear device 38, axles 40 and other elements, or alternatively,
via the torque converter 20, continuously-variable transmis-
sion mechanism 24, reduction gear device 34, differential
gear device 38, axles 40 and other elements.

As described above, the drive-force transmitting appara-
tus 16 has the gear mechanism 28 and the continuously-
variable transmission mechanism 24 that are provided in
parallel with each other 1n respective drive-force transmit-
ting paths P'T between the engine 12 and the drive wheels 14.
Specifically, the drive-force transmitting apparatus 16 has
the gear mechanism 28 and the continuously-variable trans-
mission mechanism 24 that are provided in parallel with
cach other in the respective drive-force transmitting paths
PT between the mnput shaft 22 and the output shait 30. That
1s, the drive-force transmitting apparatus 16 defines the
plurality of drive-force transmitting paths that are parallel
with each other between the mput shait 22 and the output
shaft 30, such that the drive force of the engine 12 1s to be
transmitted from the mput shaft 22 to the output shait 30
through a selected one of the drive-force transmitting paths
PT. The plurality of drive-force transmitting paths PT con-
sist of a first dnive-force transmitting path PT1 constituted
mainly by the gear mechanism 28 and a second drive-force
transmitting path PT2 constituted mainly by the continu-
ously-variable transmission mechanism 24. The first and
second drive-force transmitting paths P11, P12 are defined
in parallel with each other between the input shaft 22 and the
output shaft 30. The first drive-force transmitting path PT1
1s a path through which the drive force of the engine 12 1s
to be transmitted from the mput shaft 22 toward the drive
wheels 14 through the gear mechanism 28. The second
drive-force transmitting path P12 1s a path through which
the drive force of the engine 12 1s to be transmitted from the
input shatt 22 toward the drive wheels 14 through the
continuously-variable transmission mechanism 24.

In the drive-force transmitting apparatus 16, the drive
force of the engine 12 1s transmitted toward the drive wheels
14 through a selected one of the first and second drive-force
transmitting paths P11, P12, which 1s selected depending on
a running state of the vehicle 10. To this end, the drive-force
transmitting apparatus 16 includes a plurality of engagement
devices by which the selected one of the first and second
drive-force transmitting paths P11, P12 1s established. The

plurality of engagement devices include a first clutch C1, a
first brake B1 and a second clutch C2.

The first clutch C1, which serves as a first engagement
device, 1s provided 1n the first drive-force transmitting path
PT1 and configured to selectively connect and disconnect

the first drive-force transmitting path P11, such that the first
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drive-force transmitting path PT1 1s established with
engagement of the first clutch C1 during forward running of
the vehicle 10. The first brake B1, which serves as an
engagement device, 1s provided in the first drive-force
transmitting path PT1 and configured to selectively connect
and disconnect the first drive-force transmitting path P11,
such that the first dnive-force transmitting path PT1 1s
established with engagement of the first brake B1 during
reverse running of the vehicle 10. That 1s, the first drive-
force transmitting path PT1 i1s established with either the
first clutch C1 or the first brake B1 being engaged. The
second clutch C2, which serves as a second engagement
device, 1s disposed in the second drive-force transmitting
path PT2 and configured to selectively connect and discon-
nect the second drive-force transmitting path P12, such that
the second drive-force transmitting path PT2 1s established
with engagement of the second clutch C2. That 1s, the
second drive-force transmitting path P12 1s established with
the second clutch C2 being engaged. Each of the first clutch
C1, first brake B1 and second clutch C2 i1s a known
hydraulically-operated wet-type 1Irictional engagement
device that 1s to be frictionally engaged by operation of a
hydraulic actuator. As described below, each of the first
clutch C1 and the first brake B1 constitutes a part of the
torward/reverse switching device 26.

The engine 12 1s provided with an engine control device
42 including an electronic throttle device, a fuel 1njection
device, an 1gnition device and other devices that are required
for controlling an output of the engine 12. In the engine 12,
the engine control device 42 1s controlled, by an electronic
control apparatus 90 (that corresponds to a control apparatus
recited in the appended claims), based on an operation
amount Oacc of an accelerator pedal that corresponds to a
required drive force of the vehicle 10 required by an operator
of the vehicle 10, whereby an engine torque Te of the engine
12 1s controlled.

The torque converter 20 1s provided with a pump 1mpeller
20p and a turbine impeller 207 that are connected to the
engine 12 and the mput shaft 22, respectively. The drive-
force transmitting apparatus 16 1s provided with a mechani-
cal o1l pump 44 connected to the pump 1mpeller 20p. The o1l
pump 44 1s to be driven by the engine 12, to supply a
working tluid pressure as its original pressure to a hydraulic
control unit (hydraulic control circuit) 46 provided in the
vehicle 10, for performing a shifting control operation in the
continuously-variable transmission mechamsm 24, generat-
ing a belt clamping force in the continuously-variable trans-
mission mechanism 24, and switching an operation state of
cach of the above-described engagement devices between 1ts
engaged state and released state.

The forward/reverse switching device 26 includes a plan-
ctary gear device 26p of double-pinion type 1n addition to
the first clutch C1 and the first brake B1. The planetary gear
device 26p 1s a differential mechanism including three rotary
clements consisting of an mput element 1n the form of a
carrier 26¢, an output element in the form of a sun gear 26s
and a reaction element 1n the form of a ring gear 26r. The
carrier 26¢ 1s connected to the input shait 22. The ring gear
267 15 operatively connected to the casing 18 through the
first brake B1. The sun gear 26s 1s connected to a small-
diameter gear 48 that 1s provided to be coaxial with the mnput
shaft 22 and rotatable relative to the mput shaft 22. The
carrier 26¢ and the sun gear 26s are operatively connected to
cach other through the first clutch C1.

The gear mechanism 28 includes, in addition to the
above-described small-diameter gear 48, a gear-mechanism
counter shaft 50 and a large-diameter gear 52 which meshes
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with the small-diameter gear 48 and which 1s provided to be
coaxial with the gear-mechanism counter shaft 50 and
unrotatable relative to the gear-mechanism counter shaft 50.
The large-diameter gear 52 has a diameter larger than that of
the small-diameter gear 48. The gear mechanism 28 further
includes an idler gear 54 that 1s provided to be coaxial with
the gear-mechanism counter shaft 50 and rotatable relative
to the gear-mechanism counter shait 50, and an output gear
56 that 1s provided to be coaxial with the output shaft 30 and
unrotatable relative to the output shait 30. The output gear
56 has a diameter larger than that of the idler gear 54.
Therefore, the gear mechanism 28 provides a gear ratio
between the input shatit 22 and the output shaft 30 1n the first
drive-force transmitting path PT1. That 1s, the gear mecha-
nism 28 corresponds to a gear mechanism configured to
provide at least one gear ratio. The gear mechanism 28
further includes a dog clutch D1 as an engagement device
that 1s disposed on the gear-mechamism counter shaft 50
between the large-diameter gear 52 and the 1dler gear 54 so
as to selectively connect and disconnect a drive-force trans-
mitting path between the two gears 52, 54. The dog clutch
D1 1s configured to selectively connect and disconnect the
first drive-force transmitting path P11, such that the first
drive-force transmitting path P11 1s established with
engagement of the dog clutch DI. The dog clutch D1, which
1s also included 1n the above-described plurality of engage-
ment devices, serves as an engagement device that cooper-
ates with the ﬁrst clutch C1 or the first brake B1 to establish
the first drive-force transmitting path PT1. That 1s, the first
drive-force transmitting path PT1 1s established w1th both of
the dog clutch D1 and the first clutch C1 or both of the dog
clutch D1 and the first brake B1 being engaged. An opera-
tion state of the dog clutch D1 1s switched by operation of
a hydraulic actuator (not shown) that i1s included in the
drive-force transmitting apparatus 16.

The first drive-force transmitting path P11 1s established
with both of the dog clutch D1 and the first engagement
device being engaged, namely, with both of engagement of
the dog clutch D1 and engagement of either one of the first
clutch C1 and the first brake B1 which cooperate with each
other to constitute the first engagement device and which are
located to be closer to the input shaft 22 than the dog clutch
D1. When the first clutch C1 as well as the dog clutch D1 1s
engaged, the first dnve-force transmitting path P11 {for
forward running of the vehicle 10 1s established. When the
first brake B1 as well as the dog clutch D1 1s engaged, the
first drive-force transmitting path PT1 for reverse running of
the vehicle 10 1s established. In the drive-force transmitting
apparatus 16, with the first drive-force transmitting path PT1
being established, the drive-force transmitting apparatus 16
1s placed 1n 1ts drive-force transmittable state 1n which the
drive force of the engine 12 1s transmittable from the mput
shaft 22 to the output shaft 30 through the gear mechanism
28. With the first drive-force transmitting path PT1 being cut
ol by release of both of the first clutch C1 and the first brake
B1 or by release of the dog clutch D1, the dnive-force
transmitting apparatus 16 1s placed in 1ts neutral state in
which the drive force 1s not transmittable.

FIG. 2 1s a view for explaining a construction of the
continuously-variable transmission mechanism 24. As
shown m FIGS. 1 and 2, the continuously-variable trans-
mission mechanism 24 includes a primary shaft 58 provided
to be coaxial with the input shait 22 and connected integrally
to the input shait 22, a primary pulley 60 connected to the
primary shait 58 and having a variable eflective diameter, a
secondary shaft 62 provided to be coaxial with the output
shaft 30, a secondary pulley 64 connected to the secondary
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shaft 62 and having a variable eflective diameter, and a
transier element in the form of a transmission belt 66 looped
over or mounted on the pulleys 60, 64. The continuously-
variable transmission mechanism 24 1s a known belt-type
continuously-variable transmission 1n which the drive force
1s transmitted owing to a Iriction force generated between
the transmission belt 66 and each of the pulleys 60, 64, and
1s configured to transmit the drive force of the engine 12
toward the drive wheels 14. The friction force 1s synony-
mous with a clamping force, and is referred also to as a belt
clamping force. The belt clamping force corresponds to a
belt torque capacity Tcvt that 1s a torque capacity of the
transmission belt 66 1n the continuously-variable transmis-
s1on mechanism 24.

The primary pulley 60 includes a fixed sheave 60a
connected to the primary shaft 38, a movable sheave 605
unrotatable about an axis of the primary shait 38 and axially
movable relative to the fixed sheave 60a, and a hydraulic
actuator 60c¢ configured to apply a primary thrust Win to the
movable sheave 60b5. The primary thrust Win 1s a thrust
(=primary pressure Pin * pressure receiving area) for chang-
ing a width of a V-shaped groove defined between the fixed
and movable sheaves 60a, 605 of the primary pulley 60.
That 1s, the primary thrust Win 1s a thrust applied to the
primary pulley 60 from the hydraulic actuator 60c¢, to clamp
the transmission belt 66 that 1s mounted on the primary
pulley 60. The primary pressure Pin 1s a hydraulic pressure
supplied from the hydraulic control unit 46 to the hydraulic
actuator 60c, and serves as a pulley hydraulic pressure for
generating the primary thrust Win. Meanwhile, the second-
ary pulley 64 includes a fixed sheave 64a connected to the
secondary shaft 62, a movable sheave 645 unrotatable about
an axis of the secondary shaift 62 and axially movable
relative to the fixed sheave 64a, and a secondary hydraulic
actuator 64c¢ configured to apply a secondary thrust Wout to
the movable sheave 64b. The secondary thrust Wout 1s
thrust (=secondary pressure Pout * pressure receiving area)
for changing a width of a V-shaped groove defined between
the fixed and movable sheaves 64a, 645 of the secondary
pulley 64. That 1s, the secondary thrust Wout 1s a thrust
applied to the secondary pulley 64 from the secondary
hydraulic actuator 64c¢, to clamp the transmission belt 66 that
1s mounted on the secondary pulley 64. The secondary
pressure Pout 1s a hydraulic pressure supplied from the
hydraulic control unit 46 to the secondary hydraulic actuator
64c, and serves as a pulley hydraulic pressure for generating
the secondary thrust Wout.

In the continuously-variable transmission mechanism 24,
the primary and secondary pressures Pin, Pout are controlled
by the hydraulic control umt 46 that 1s controlled by the
clectronic control apparatus 90, whereby the primary and
secondary thrusts Win, Wout are respectively controlled.
With the primary and secondary thrusts Win, Wout being
controlled, the widths of the V-shaped grooves of the respec-
tive pulleys 60, 64 are controlled to be changeable whereby
a belt winding dimeter (eflective diameter) of each of the
pulleys 60, 64 1s changeable and accordingly a gear ratio
vcevt (=primary rotational speed Npri/secondary rotational
speed Nsec) of the continuously-variable transmission
mechanism 24 1s changeable. Further, with the primary and
secondary thrusts Win, Wout being controlled, the belt
clamping force 1s controlled such that slipping of the trans-
mission belt 66 1s not caused. That 1s, with the primary and
secondary thrusts Win, Wout being controlled, the gear ratio
vcevt of the continuously-vanable transmission mechanism
24 1s controlled to a target gear ratio ycvttgt while the
transmission belt 66 1s prevented from being slipped. It 1s
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noted that the primary rotational speed Npr represents a
rotational speed of the primary shaft 38 and that the sec-
ondary rotational speed Nsec represents a rotational speed of
the secondary shaft 62.

In the continuously-variable transmission mechanism 24,
when the primary pressure Pin 1s increased, the width of the
V-shaped groove of the primary pulley 60 1s reduced
whereby the gear ratio ycvt 1s reduced. The reduction of the
gear rat1o ycvt corresponds to a shift-up action performed 1n
the continuously-variable transmission mechanism 24. In
the continuously-variable transmission mechanism 24, the
lowest gear ratio ymin 1s provided with the width of the
V-shaped groove of the primary pulley 60 being minimized.
Within a range of the gear ratio ycvt that can be provided by
the continuously-varniable transmission mechanism 24, the
lowest gear ratio gear ratio ymin 1s a value of the gear ratio
vcevt which makes 1t possible to maximize the running speed
of the vehicle 10. Further, in the continuously-variable
transmission mechanism 24, when the primary pressure Pin
1s reduced, the width of the V-shaped groove of the primary
pulley 60 1s increased whereby the gear ratio ycvt 1s
increased. The increase of the gear ratio ycvt corresponds to
a shift-down action performed 1n the continuously-variable
transmission mechanism 24. In the continuously-variable
transmission mechanism 24, the highest gear ratio ymax 1s
provided with the width of the V-shaped groove of the
primary pulley 60 being maximized. Within the range of the
gear ratio ycvt that can be provided by the continuously-
variable transmission mechanism 24, the highest gear ratio
gear ratio ymax 1s a value of the gear ratio ycvt which makes
it possible to minimize the running speed of the vehicle 10.
In the continuously-variable transmission mechanism 24,
the belt slippage 1s prevented by the primary thrust Win and
the secondary thrust Wout, and the target gear ratio ycvttgt
1s established by a combination of the primary thrust Win
and the secondary thrust Wout, rather than by only one of the
primary thrust Win and the secondary thrust Wout. As
described below, the gear ratio ycvt of the continuously-
variable transmission mechanism 24 1s changed with change
of a thrust ratio T (=Wout/Win) which 1s a ratio of the
secondary thrust Wout to the primary thrust Win and which
1s dependent on a relationship between the primary pressure
Pin and the secondary pressure Pout. For example, the gear
ratio ycvt 1s increased with increase of the thrust ratio T,

namely, a shift-down action of the continuously-variable
transmission mechanism 24 1s caused with increase of the
thrust ratio T.

The output shaft 30 1s provided to be coaxial with the
secondary shait 62 and rotatable relative to the secondary
shaft 62. The second clutch C2 1s provided in a drive-force
transmitting path (that corresponds to a part of the above-
described second drive-force transmitting path PT12)
between the secondary pulley 64 and the output shait 30.
The second drive-force transmitting path P12 1s established
with engagement of the second clutch C2. In the drive-force
transmitting apparatus 16, with the second drive-force trans-
mitting path P12 being established, the drive-force trans-
mitting apparatus 16 1s placed in 1ts drive-force transmittable
state 1n which the drnive force of the engine 12 1s transmit-
table from the mput shaft 22 to the output shaft 30 through
the continuously-variable transmission mechanism 24. With
the second drive-force transmitting path P12 being cut ol by
release of the second clutch C2, the drive-force transmitting,
apparatus 16 1s placed in 1ts neutral state in which the drive
force 1s not transmittable. The gear ratio ycvt of the con-
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tinuously-variable transmission mechanism 24 corresponds
to a gear ratio established in the second drive-force trans-
mitting path PT2.

In the drive-force transmitting apparatus 16, a gear ratio
EL of the gear mechamism 28, which 1s a gear ratio ygear 5
(=input-shaft rotational speed Nin/output-shait rotational
speed Nout) provided in the first drive-force transmitting
path PT1, 1s higher than the above-described highest gear
rat1o ymax of the continuously-variable transmission mecha-
nism 24 which 1s the highest gear ratio provided in the 10
second drive-force transmitting path PT2. That 1s, the gear
ratio EL 1s a value that makes 1t possible to reduce the
running speed of the vehicle 10 more than the highest gear
ratio ymax. The gear ratio EL of the gear mechanism 28
corresponds to a first-speed gear ratio v1 1n the drive-force 15
transmitting apparatus 16. The highest gear ratio ymax of the
continuously-variable transmission mechanism 24 corre-
sponds to a second-speed gear ratio v2 1n the drive-force
transmitting apparatus 16. Thus, any gear ratio provided in
the second drive-force transmitting path P12 1s lower than 20
the gear ratio provided in the first drive-force transmitting,
path PT1. It 1s noted that the input-shatt rotational speed Nin
represents a rotational speed of the mput shaft 22 and that
the output-shatt rotational speed Nout represents a rotational
speed of the output shait 30. 25

The vehicle 10 can run 1 a selected one of the gear
running mode and the belt running mode. The gear running
mode 1s a running mode in which the vehicle 10 runs with
the drive force being transmitted through the first drive-force
transmitting path PT1 that 1s established in the drnive-force 30
transmitting apparatus 16. The belt running mode 1s a
running mode 1 which the vehicle 10 runs with the drive
force being transmitted through the second drive-force trans-
mitting path P12 that 1s established in the dnive-force
transmitting apparatus 16. When forward running of the 35
vehicle 10 1s to be made 1n the gear running mode, the first
clutch C1 and the dog clutch D1 are engaged while the
second clutch C2 and the first brake B1 are released. When
reverse running of the vehicle 10 i1s to be made 1n the gear
running mode, the first brake B1 and the dog clutch D1 are 40
engaged while the second clutch C2 and the first clutch C1
are released. In the belt running mode, forward running of
the vehicle 10 can be made.

The gear running mode 1s selected to be established when
the vehicle 10 runs at a running speed within a relative low 45
speed range or when the vehicle 10 1s stopped. The belt
running mode 1s selected to be established when the vehicle
10 runs at a runming speed within a relatively high speed
range including a middle speed range as well as a high speed
range. When the belt running mode 1s established 1n the 50
middle speed range, the dog clutch D1 1s engaged. When the
belt runnming mode 1s established 1n the high speed range, the
dog clutch D1 1s released, for example, for the purpose of
avoiding drag of the gear mechanism 28 and other elements
during running of the vehicle 10 1n the belt running mode 55
and preventing gears of the gear mechanism 28 and com-
ponents (such as pimion gears) of the planetary gear device
26p from being rotated at high speeds.

The vehicle 10 1s provided with the electronic control
apparatus 90 as a controller including the control apparatus 60
constructed according to present invention. For example, the
clectronic control apparatus 90 includes a so-called micro-
computer incorporating a CPU, a ROM, a RAM and an
input-output interface. The CPU performs control operations
of the vehicle 10, by processing various input signals, 65
according to control programs stored in the ROM, while
utilizing a temporary data storage function of the RAM. The
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clectronic control apparatus 90 1s configured to perform, for
example, an engine control operation for controlling an
output of the engine 12, a shifting control operation and a
belt-clamping-force control operation for the continuously-
variable transmission mechanism 24, and a hydraulic-pres-
sure control operation for switching the operation state of
cach of the plurality of engagement devices (C1, B1, C2,
D1). The electronic control apparatus 90 may be constituted
by two or more control units exclusively assigned to perform
different control operations such as the engine control opera-
tion and the hydraulic-pressure control operation.

The electronic control apparatus 90 receives various input
signals based on values detected by respective sensors
provided 1n the vehicle 10. Specifically, the electronic con-
trol apparatus 90 receives: an output signal of an engine
speed sensor 70 indicative of an engine rotational speed Ne
which 1s a rotational speed of the engine 12; an output signal
of a primary speed sensor 72 indicative of a primary
rotational speed Npri which 1s a rotational speed of the
primary shait 58 which 1s equivalent to an input-shaft
rotational speed Nin; an output signal of a secondary speed
sensor 74 indicative of a secondary rotational speed Nsec
which 1s a rotational speed of the secondary shaft 62; an
output signal of an output speed sensor 76 indicative of an
output-shait rotational speed Nout which 1s a rotational
speed of the output shaft 30 and which corresponds to the
running speed V of the vehicle 10; an output signal of an
accelerator-operation amount sensor 78 indicative of an
accelerator operation amount Oacc which represents an
amount of accelerating operation made by a vehicle opera-
tor; an output signal of a throttle-opening degree sensor 80
indicative of the throttle opening degree tap; and an output
signal of a shift position sensor 82 indicative of an operation
position POSsh of a manually-operated shifting member in
the form of a shift lever 84 provided in the vehicle 10.
Further, the electronic control apparatus 90 generates vari-
ous output signals which are supplied to various devices
such as the engine control device 42 and the hydraulic
control unit 46 and which include an engine-control com-
mand signal Se for controlling the engine 12, a hydraulic
control command signal Scvt for performing hydraulic con-
trols such as controls of the shifting action and the belt
clamping force of the continuously-variable transmission
mechanism 24, and a hydraulic-control command signal
Scbd for performing hydraulic controls such as controls of
operation states of the plurality of engagement devices. It 1s
noted that the mput-shait rotational speed Nin (=primary
rotational speed Npr1) 1s equivalent to a rotational speed of
the turbine impeller 20¢ of the of the torque converter 20. It
1s also noted that the primary rotational speed Npn 1is
equivalent to a rotational speed of the primary pulley 60 and
that the secondary rotational speed Nsec 1s equivalent to a
rotational speed of the secondary pulley 64. Further, the
clectronic control apparatus 90 calculates an actual gear
ratio ycvt (=Npri/Nsec) that 1s an actual value of the gear
ratio ycvt of the continuously-variable transmission mecha-
nism 24, based on the primary rotational speed Npr1 and the
secondary rotational speed Nsec.

The shift lever 84 1s operable to be placed 1n a selected
one of a plurality of operation positions POSsh that consist
of, for example, a parking position P, a reverse position R,
a neutral position N and a drive position D. With the shait
lever 84 being placed 1n the parking position P, the drive-
force transmitting apparatus 16 1s placed 1n its parking
position 1n which the drive-force transmaitting apparatus 16
1s placed 1n 1ts neutral state and rotation of the output shatt
30 1s mechanically inhibited (locked). The drive-force trans-
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mitting apparatus 16 1s placed in the neutral state, for
example, by releasing all of the first clutch C1, first brake B1
and second clutch C2. That 1s, the neutral state i1s a state of
the dnive-force transmitting apparatus 16 1n which neither
the first drive-force transmitting path P11 nor the second
drive-force transmitting path P12 i1s established. With the
shift lever 84 being placed 1n the reverse position R, the
drive-force transmitting apparatus 16 1s placed 1n 1ts reverse
drive position for enabling the reverse running of the vehicle
10 1n the gear running mode. With the shift lever 84 being
placed in the neutral position N, the drive-force transmitting,
apparatus 16 1s placed 1n its neutral position 1n which the
drive-force transmitting apparatus 16 1s placed 1n 1ts neutral
state. With the shift lever 84 being placed in the drive
position D, the drive-force transmitting apparatus 16 1s
placed 1n its forward drive position for enabling the forward
running of the vehicle 10 1n the gear running mode, or
enabling the forward running of the vehicle 10 1n the belt
running mode with execution of an automatic shifting con-
trol of the continuously-variable transmission mechanism
24.

For performing various control operations in the vehicle
10, the electronic control apparatus 90 includes an engine
control means or portion in the form of an engine control
portion 92, a transmission shifting control means or portion
in the form of a transmission shifting control portion 94 and
a state determining means or portion in the form of a state
determining portion 96.

The engine control portion 92 calculates a required drive
force Fdem, for example, by applying the accelerator opera-
tion amount Oacc and the running velocity V to a predeter-
mined or stored relationship (e.g., drive force map) that 1s
obtained by experimentation or determined by an appropri-
ate design theory. The engine control portion 92 sets a target
engine torque Tet that ensures the required drive force Fdem,
and outputs the engine-control command signal Se {for
controlling the engine 12 so as to obtain the target engine
torque Tet. The outputted engine-control command signal Se
1s supplied to the engine control device 42.

When the operation position POSsh of the shiit lever 84
1s the parking position P or the neutral position N during stop
of the vehicle 10, the transmission shifting control portion
94 supplies, to the hydraulic control unit 46, the hydraulic-
control command signal Scbd requesting engagement of the
dog clutch D1, in preparation of transition to the gear
running mode. When the operation position POSsh 1s
switched from the parking position P or the neutral position
N to the drive position D during stop of the vehicle 10, the
transmission shifting control portion 94 supplies, to the
hydraulic control unit 46, the hydraulic-control command
signal Scbd requesting engagement of the first clutch C1,
whereby the gear running mode 1s established to enable
forward running of the vehicle 10. When the operation
position POSsh 1s switched from the parking position P or
the neutral position N to the reverse position R during stop
of the vehicle 10, the transmission shifting control portion
94 supplies, to the hydraulic control unit 46, the hydraulic-
control command signal Scbd requesting engagement of the
first brake B1, whereby the gear runming mode 1s established
to enable reverse running of the vehicle 10.

When the operation position POSsh 1s the drive position
D, the transmission shifting control portion 94 executes a
switching control operation for switching the running mode
between the gear running mode and the belt running mode.
Specifically, the transmission shifting control portion 94
determines whether shifting from one of first and second
speed positions to the other 1s to be executed or not, by
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applying the runnming speed V and the accelerator operation
amount Oacc to a stepped shifting map in which shift-up
lines, shift-down lines and hysteresis between each of the
shift-up lines and a corresponding one of the shift-down
lines are defined. The first speed position corresponds to the
above-described gear ratio EL provided 1n the gear mecha-
nism 28 by which the drive force 1s to be transmitted through
the first dnve-force transmitting path PT1 durning the gear
running mode. The second speed position corresponds to the
above-described highest gear ratio ymax that 1s the highest
one of the gear ratios (or that 1s a maximum value within a
given range ol a continuously-variable gear ratio) provided
in the continuously-variable transmission mechanism 24 by
which the drive force 1s to be transmitted through the second
drive-force transmitting path PT2 during the belt running
mode. Then, when determining that the shifting 1s to be
executed, the transmission shifting control portion 94
switches the running mode from one of the gear running
mode and the belt running mode to the other, so as to execute
shifting up or down from one of the first and second speed
positions to the other.

When determining that the running mode 1s to be
switched from the gear running mode to the belt running
mode so as to execute the shifting up from the first speed
position to the second speed position during running in the
gear running mode, the transmission shifting control portion
94 supplies, to the hydraulic control unit 46, the hydraulic-
control command signal Scbd requesting releasing and
engaging actions of the respective first and second clutches
C1, C2, so as to perform a so-called “clutch to clutch”
shifting operation. As a result of the shifting up from the first
speed position to the second speed position, the second
drive-force transmitting path PT2 1s established 1n place of
the first drive-force transmitting path PT1 1n the drnive-force
transmitting apparatus 16. Thus, the transmission shifting
control portion 94 executes a stepped shifting control to
release and engage the first and second clutches C1, C2,
respectively, so as to cause the drnive-force transmitting
apparatus 16 to execute the shift-up action by which the
selected running mode (1.e., selected state) 1s switched from
the gear running mode (1.e., first state) 1n which the first
drive-force transmitting path P11 1s established to the belt
running mode (1.e., second state) in which the second
drive-force transmitting path P12 1s established. In the
following description relating to the present embodiment,
the shift-up action, which 1s executed by the drnive-force
transmitting apparatus 16 to switch the selected runming
mode from the gear running mode to the belt runming mode,
will be referred to as “stepped shift-up action™.

When determining that the running mode 1s to be
switched from the belt running mode to the gear running
mode so as to execute the shifting down from the second
speed position to the first speed position during running in
the belt running mode, the transmission shifting control
portion 94 supplies, to the hydraulic control unit 46, the
hydraulic-control command signal Scbd requesting releas-
ing and engaging actions ol the respective second and first
clutches C2, C1, so as to perform the clutch to clutch shifting
operation. As a result of the shifting down from the second
speed position to the first speed position, the first drive-force
transmitting path P11 1s established in place of the second
drive-force transmitting path P12 in the drive-force trans-
mitting apparatus 16. Thus, the transmission shifting control
portion 94 executes a stepped shifting control to engage and
release the first and second clutches C1, C2, respectively, so
as to cause the drnive-force transmitting apparatus 16 to
execute the shift-down action by which the selected running
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mode 1s switched from the belt running mode 1n which the
second drive-force transmitting path P12 1s established to
the gear running mode 1n which the first drive-force trans-
mitting path PT1 1s established. In the following description
relating to the present embodiment, the shift-down action,
which 1s executed by the drive-force transmitting apparatus
16 to switch the selected running mode from the belt running
mode to the gear running mode, will be referred to as
“stepped shift-down action”.

In the switching control operation for switching the
running mode between the gear running mode and the belt
running mode, the switching between the first and second
drive-force transmitting paths P11, P12 1s made by only the
above-described clutch to clutch shifting operation for mak-
ing a torque transier via an transition state 1n which the dog
clutch D1 1s engaged 1n the belt running mode 1n the middle
speed range, so that the switching control operation 1s
performed with a shifting shock being restrained.

For executing a shifting action in the continuously-vari-
able transmission mechanism 24 during the belt running
mode, the transmission shifting control portion 94 supplies,
to the hydraulic control unit 46, the hydraulic-control com-
mand signal Scvt for controlling the primary pressure Pin
and the secondary pressure Pout such that the target gear
ratio ycvttgt 1s established in the continuously-variable
transmission mechamsm 24 while the belt slippage 1s not
caused 1n the continuously-variable transmission mecha-
nism 24. This hydraulic-control command signal Scvt
includes a primary-pressure command signal Spin request-
ing the primary pressure Pin to become a target primary
pressure Pintgt and a secondary-pressure command signal
Spout requesting the secondary pressure Pout to become a
target secondary pressure Pouttgt.

The target primary pressure Pintgt 1s a target pulley
hydraulic-pressure by which a primary target thrust Wintgt
that 1s a target value of the primary thrust Win applied to the
primary pulley 60 i1s generated. The target secondary pres-
sure Pouttgt 1s a target pulley hydraulic-pressure by which a
secondary target thrust Wouttgt that 1s a target value of the
secondary thrust Wout applied to the secondary pulley 64 1s
generated. In calculation of each of the primary target thrust
Wintgt and the secondary target thrust Wouttgt, a required
thrust, which 1s mimimally required to prevent the belt
slippage on a corresponding one of the primary and second-
ary pulleys 60, 64, 1s taken into consideration. This required
thrust 1s a belt-slip limit thrust Wilmt that 1s a thrust value
shortly before occurrence of the belt slippage in the con-
tinuously-variable transmission mechamsm 24. In the fol-
lowing description relating to the present invention, the
belt-slip limit thrust Wlmt will be referred to as “slip limit
thrust Wimt”.

The transmission shifting control portion 94 compares the
secondary thrust Wout, which 1s calculated based on a
primary-side slip limit thrust Winlmt that 1s the slip limit
thrust Wimt minimally required to prevent slippage of the
transmission belt 66 on the primary pulley 60, with a
secondary-side slip limit thrust Woutlmt that 1s the slip limat
thrust Wimt minimally required to prevent slippage of the
transmission belt 66 on the secondary pulley 64, and then
selects a larger one of the secondary thrust Wout and the
secondary-side slip limit thrust Woutlmt. The secondary
thrust Wout, which 1s calculated based on the primary-side
slip limit thrust Winlmt, 1s a secondary-side shifting-control
thrust Woutsh that 1s required to be applied to the second
pulley 64 1n a shifting control, as described below. It 1s noted
that the primary-side slip limit thrust Winlmt 1s used in
determination of a primary-side lower-limit thrust Winlmt
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(g) (that 1s a lower limit value of the primary thrust Win) that
1s obtained through a lower-limit guard processing, as shown
in FIG. 7, and that the secondary-side slip limit thrust
Woutlmt 1s used 1n determination of a secondary-side lower-
limit thrust Woutlmt(g) (that 1s a lower limit value of the
secondary thrust Wout) that 1s obtained through a lower-
limit guard processing, as shown in FIG. 6.

The transmission shifting control portion 94 sets, as the
primary target thrust Wintgt, the primary thrust Win calcu-
lated based on the secondary target thrust Wouttgt. The
primary thrust Win, which 1s calculated based on the sec-
ondary target thrust Wouttgt, 1s a primary-side shifting-
control thrust Winsh that 1s required to be applied to the
primary pulley 60 1n a shifting control, as described below.
Further, as described below, the transmission shifting con-
trol portion 94 compensates the primary-side shifting-con-
trol thrust Winsh, namely, compensates the primary target
thrust Wintgt, by a feedback control of the primary thrust
Win that 1s executed based on a gear ratio deviation Aycvt
(=ycvttgt—ycvt) that 1s a deviation of the actual gear ratio
vevt from the target gear ratio ycvttgt.

In the above-described compensation of the primary-side
shifting-control thrust Winsh, a deviation of an actual value
from a target value 1n each parameter that has a one-to-one
correspondence relationship with the gear ratio ycvt may be
used 1n place of the gear ratio deviation Aycvt. For example,
in the compensation of the primary-side shifting-control
thrust Winsh, 1t 1s possible to use a deviation AXin (=Xintgt—
Xin) of an actual position Xin of the movable sheave 605
from a target position Xintgt of the movable sheave 606 1n
the primary pulley 60 (see FIG. 2), a deviation AXout
(=Xoutgt—Xout) of an actual position Xout of the movable
sheave 64b from a target position Xintgt of the movable
sheave 64b 1n the secondary pulley 64 (see FIG. 2), a
deviation ARin (=Rintgt—Rin) of an actual belt-winding
diameter (actual eflective diameter) Rin from a target belt-
winding diameter (target effective diameter) Rintgt 1n the
primary pulley 60 (see FIG. 2), a deviation ARout (=Rout-
tet—Rout) of an actual belt-winding diameter (actual eflec-
tive diameter) Rout from a target belt-winding diameter
(target eflective diameter) Routtgt in the secondary pulley
64 (see FI1G. 2), and a deviation ANpr1 (=Npritgt—Npr1) of an
actual primary rotational speed Npn from a target primary
rotational speed Npritgt.

Each of the above-described primary-side shifting-control
thrust Winsh and secondary-side shifting-control thrust
Woutsh 1s a thrust required to be applied to a corresponding
one of the primary and secondary pulleys 60, 64 1n a shifting
control to execute a desired shifting action to establish the
target gear ratio ycvttgt at a target shifting speed dytgt (that
1s a target value of a shifting speed dy). The shifting speed
dy 1s a rate (=dycvt/dt) of change of the gear ratio vycvt,
namely, an amount (=dycvt/dt) of change of the gear ratio
vevt per a unit of time. In the present embodiment, the
shifting speed dy 1s defined as an amount (=dX/dNelm) of
pulley displacement per an element of the transmission belt
66, wherein “dX” represents an amount of displacement of
the pulley 1n an axial direction of the pulley per a unit of
time, and “dNelm” represents a number of elements (of the
transmission belt 66 ) that are caused to bite into the pulley
(1.e., caused to enter the V-shaped groove of the pulley) per
the unit of time. The shifting speed dy is represented by a
primary shifting speed dyin (=dXin/dNelmin) and a second-
ary shifting speed dyout (=d Xout/dNelmout).

The thrust, which 1s applied to each of the pulleys 60, 64
in a steady state in which the gear ratio ycvt 1s constant, 1s
referred to as “balance thrust Wb1” that 1s referred also to as
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“steady thrust”. The thrust ratio T 1s represented as a ratio
(=Woutbl/Winbl) of a secondary balance thrust Woutbl to a
primary balance thrust Winbl, wherein the secondary bal-
ance thrust Woutbl 1s the balance thrust Wbl of the second-
ary pulley 64 and the primary balance thrust Winbl 1s the
balance thrust Wbl of the primary pulley 60. On the other
hand, 1n the steady state, 11 one of the thrusts applied to the
respective pulleys 60, 64 1s increased or reduced by a certain
amount, the steady state 1s lost whereby the gear ratio yevt
i1s changed thereby generating the shifting speed dy that
corresponds to the certain amount by which the one of the
thrusts 1s increased or reduced. The certain amount, by
which the thrust 1s increased or reduced, will be referred to
as “gear-ratio changing thrust AW” that is referred also to as
“transient thrust”. Where the gear ratio ycvt 1s changed to the
target gear ratio ycvttgt by changing the thrust applied to the
primary pulley 60, the gear-ratio changing thrust AW 1s
represented by a primary gear-ratio changing thrust AWin
that corresponds to an amount by which the thrust applied to
the primary pulley 60 1s increased or reduced. Where the
gear ratio ycvt 1s changed to the target gear ratio yevttgt by
changing the thrust applied to the secondary pulley 64, the
gear-ratio changing thrust AW 1s represented by a secondary
gear-ratio changing thrust AWout that corresponds to an
amount by which the thrust applied to the secondary pulley
64 1s 1increased or reduced.

Where one of the primary-side shifting-control thrust
Winsh and secondary-side shifting-control thrust Woutsh,
which are thrusts required to be applied to the respective
primary and secondary pulleys 60, 64 in a shifting control,
has been set, the other of the primary-side shifting-control
thrust Winsh and secondary-side shifting-control thrust
Woutsh 1s set to a sum of the balance thrust Wbl and the
gear-ratio changing thrust AW, wherein the balance thrust
Wbl 1s dependent on the above-described one of the pri-
mary-side shifting-control thrust Winsh and secondary-side
shifting-control thrust Woutsh and the thrust ratio t corre-
sponding to the target gear ratio ycvttgt, and the gear-ratio
changing thrust AW corresponds to the target shifting speed
dytgt of change of the target gear ratio yevtigt. The target
shifting speed dytgt 1s represented by a primary target
shifting speed dymtgt and a secondary target shifting speed
dyouttgt. The primary gear-ratio changing thrust AWin 1s a
positive value (AWin>0) that 1s larger than zero 1n a shift-up
state 1n which the gear ratio ycvt 1s to be reduced, and 1s a
negative value (AWin<0) that 1s smaller than zero in a
shift-down state in which the gear ratio ycvt 1s to be
increased. The primary gear-ratio changing thrust AWin 1s
zero (AWin=0) 1n a steady state in which the gear ratio ycvt
1s constant. Further, the secondary gear-ratio changing thrust
AWout 1s a negative value (AWout<0) that 1s smaller than
zero 1n the shift-up state, and 1s a positive value (AWout>0)
that 1s larger than zero in the shift-down state. The secondary
gear-ratio changing thrust AWout 1s zero (AWout=0) in the
steady state.

FIG. 3 1s a view showing an example for explaining
thrusts required for a shifting control. FIG. 4 1s a view
showing, by way ol example, a relationship between the
thrusts at a point {2 of time shown 1 FIG. 3. FIGS. 3 and 4
show, by a way of example, the primary thrust Win that 1s
set 1n a case where a desired shift-up action 1s executed by
increasing the primary thrust Win while setting the second-
ary thrust Wout to prevent a belt slippage on the secondary
pulley 64. As shown 1n FIG. 3, at a stage until a point t1 of
time and a stage from a point t3 of time, namely, 1n the
steady state in which the target gear ratio ycvttgt 1s constant
with the primary gear-ratio changing thrust AWin 1s zero, the
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primary thrust Win consists of only the primary balance
thrust Winbl (=Wout/t). At a stage from the point t1 of time
until the point t3 of time, namely, 1n the shift-up state in
which the target gear ratio ycvttgt 1s reduced, the primary
thrust Win corresponds to a sum of the primary balance
thrust Winbl and the primary gear-ratio changing thrust
AWin, as shown in FIG. 4. In FIG. 4, a hatched portion of
cach of the primary and secondary thrusts Win, Wout
corresponds to a corresponding one of the primary and
secondary balance thrusts Winbl, Woutbl that are required at
the point 12 of time shown in FIG. 3 to maintain the target
gear ratio ycvttgt.

FIG. 5 1s a block diagram showing an arrangement for
controls performed to prevent a belt slippage and execute a
desired shifting action, with minimally required thrusts. In
FIG. 5, the transmission shifting control portion 94 calcu-
lates the target gear ratio ycvttgt. Specifically, the transmis-
s10n shifting control portion 94 calculates the target primary
rotational speed Npritgt by applying the accelerator opera-
tion amount Oacc and the vehicle running speed V into a
predetermined relationship in the form of a CV'T shifting
map. Then, the transmission shifting control portion 94
calculates, based on the target primary rotational speed
Npritgt, a post-shifting target gear ratio ycvttgtl (=Npritgt/
Nsec) that 1s the gear ratio ycvt to be established after the
shifting action executed in the continuously-variable trans-
mission mechanism 24. In order that the shifting action 1s
executed rapidly and smoothly, the transmission shifting
control portion 94 determines the target gear ratio ycvttgt as
a transient target value of the gear ratio ycvt 1in process of the
shifting action, based on a pre-shifting gear ratio yevt (1.e.,
gear ratio ycvt before the shifting action) and the post-
shifting target gear ratio ycvttgtl, according to a relationship
predetermined to cause the shifting action to be executed
rapidly and smoothly. For example, the transmission shifting
control portion 94 determines the target gear ratio ycvttgt
(that 1s to be changed in process of the shifting action) as a
function that 1s changed, along a curved line whose incli-
nation 1s smoothly changed, toward the post-shifting target
gear ratio ycvttgtl, with lapse of time {from initiation of the
shifting action. This smoothly curved line 1s, for example, a
first-order lag curve or a second-order lag curve. When
determining the target gear ratio yevttgt, the shifting control
portion 94 calculates the target shifting speed dytgt, based
on the target gear ratio yevttgt as the time function. When the
target gear ratio ycvttgt becomes constant upon completion
of the shifting action, namely, when the continuously-
variable transmission mechanism 24 1s brought back into the
steady state, the shifting speed dytgt becomes zero.

The transmission shifting control portion 94 calculates an
input torque Tin inputted to the continuously-variable trans-
mission mechanism 24. To this end, the transmission shift-
ing control portion 94 calculates an estimated value of the
engine torque Te, for example, by applying the throttle
opening degree tap and the engine rotational speed Ne to a
predetermined relationship such as an engine torque map.
The transmission shifting control portion 94 calculates a
turbine torque Tt, based on the estimated value of the engine
torque Te and a predetermined relationship such as charac-
teristic of the torque converter 20. The transmission shifting
control portion 94 handles the calculated turbine torque It as

the 1input torque Tin 1s a torque acting on the primary shaft
58.

At each of blocks B1 and B 2 shown in FIG. 5, the
transmission shifting control portion 94 calculates the slip
limit thrust Wilmt, based on the actual gear ratio ycvt and the
input torque Tin inputted to the continuously-variable trans-
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mission mechanism 24. Specifically, the transmission shift-
ing control portion 94 calculates the secondary-side slip
limit thrust Woutlmt, by using an equation (1) given below,
and calculates the primary-side slip limit thrust Winlmt, by
using an equation (2). In the equations (1) and (2), “Tin”
represents the mput torque Tin of the continuously-variable
transmission mechanism 24, which 1s be inputted to the
primary pulley 60; ““Tout” represents an output torque of the
continuously-variable transmission mechanism 24, which
corresponds to an input torque to be mputted to the second-
ary pulley 64; “a” represents a sheave angle of each of the
pulleys 60, 64 (see FIG. 2), “uin” repsresnts an element/
pulley Iriction coeflicient in the primary pulley 60 (1.e.,
friction coeflicient between the transmission belt 66 and the
primary pulley 60 ), “vout” represents an element/pulley
friction coetlicient 1n the secondary pulley 64 (1.e., friction
coellicient between the transmission belt 66 and the second-
ary pulley 64 ), “Rin” represents 2 of the belt winding
diameter (eflective diameter) of the primary pulley 60,
which 1s uniquely calculated based on the actual gear ratio
vevt (see FIG. 2), and “Rout” represents 2 of the belt
winding diameter (eflective diameter) of the secondary
pulley 64, which 1s uniquely calculated based on the actual
gear ratio ycvt (see FIG. 2). It 1s noted that a relationship
between the mput torque Tin and the output torque Tout 1s
represented by an equation that 1s Tout=ycvtxTin=(Rout/

Rin)xTin.

(1)

Woutlmi = (Tour X cosa) [ (2 X pout X Rout)

= (Tin Xcosa) / (2 X pout X Rin)

(2)

Winimr = (Tin X cosa) /(2 X gin X Rin)

At each of blocks B11 and B21 shown in FIG. 5, the
transmission shifting control portion 94 calculates the lower-
limit thrust Wilmt (g), by causing the calculated slip limat
thrust Wilmt to be subjected to the lower-limit guard pro-
cessing. FIG. 6 1s a block diagram showing, by way of
example, an arrangement for a control performed at block
B11 m FIG. 5. FIG. 7 1s a block diagram showing, by way
of example, an arrangement for a control performed at block
B21 in FIG. 5.

At block Blla shown 1n FIG. 6, the transmission shifting
control portion 94 calculates a secondary-side hard-limait
mimmum hydraulic-pressure Poutmin that 1s a hard-limit
mimmum hydraulic-pressure of the secondary pulley 64, by
adding a secondary minimum hydraulic-pressure to the
centrifugal hydraulic pressure acting 1n a fluid chamber 644
of the hydraulic actuator 64¢. The transmission shifting
control portion 94 converts the secondary-side hard-limait
mimmum hydraulic-pressure Poutmin into a secondary-side
structural limit minimum thrust Woutmin (=Poutminxpres-
sure receiving area), based on a pressure receiving area of
the secondary hydraulic actuator 64c¢. The transmission
shifting control portion 94 calculates the centrifugal hydrau-
lic pressure acting 1n the fluid chamber 644, by applying the
secondary rotational speed Nsec, for example, imnto a prede-
termined calculation formula. The above-described second-
ary mimmum hydraulic-pressure 1s a mimmum hydraulic
pressure, for example, which contains a variation amount of
the secondary pressure Pout, and which could be supplied
from the hydraulic control unit 46 into the fluid chamber 644
even when the secondary-pressure command signal Spout
requesting the secondary pressure Pout to be zero. Thus, the
secondary-side structural limit minimum thrust Woutmin 1s
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a structural limit minimum thrust which contains the cen-
trifugal thrust acting on the secondary pulley 64 owing the
centrifugal hydraulic pressure acting 1n the fluid chamber 64
d, and which structurally acts on the secondary pulley 64. At
block B11b shown in FIG. 6, the transmission shifting
control portion 94 selects, as the secondary-side lower-limait
thrust Woutlmt(g) that 1s obtained through the lower-limit
guard processing, a larger one of the secondary-side slip
limit thrust Woutlmt and the secondary-side structural limait
minimum thrust Woutmin. Thus, the secondary-side lower-
limit thrust Woutlmt(g) 1s a thrust that 1s at least not smaller
than the centrifugal thrust acting on the secondary pulley 64.

At block B21a a shown in FIG. 7, the transmission
shifting control portion 94 calculates a primary-side hard-
limit minimum hydraulic-pressure Pinmin that 1s a hard-
limit minimum hydraulic-pressure of the primary pulley 60,
by adding a primary minimum hydraulic-pressure to the
centrifugal hydraulic pressure acting 1n a fluid chamber 604
of the hydraulic actuator 60c. The transmission shifting
control portion 94 converts the primary-side hard-limait
minimum hydraulic-pressure Pinmin into a primary-side
structural limit minimum thrust Winmin (=Pinminxpressure
receiving area), based on a pressure receiving area of the
primary hydraulic actuator 60c. The transmission shifting
control portion 94 calculates the centrifugal hydraulic pres-
sure acting 1n the fluild chamber 604, by applying the
primary rotational speed Npri, for example, into a predeter-
mined calculation formula. The above-described primary
minimum hydraulic-pressure 1s a minimum hydraulic pres-
sure, for example, which contains a variation amount of the
primary pressure Pin, and which could be supplied from the
hydraulic control unit 46 into the fluid chamber 604 even
when the primary-pressure command signal Spin requesting
the primary pressure Pin to be zero. Thus, the primary-side
structural limit minimum thrust Winmuin 1s a structural limait
minimum thrust which contains the centrifugal thrust acting
on the primary pulley 60 owing the centrifugal hydraulic
pressure acting 1n the fluid chamber 60d, and which struc-
turally acts on the primary pulley 60. At block B215 shown
in FIG. 7, the transmission shifting control portion 94
selects, as the primary-side lower-limit thrust Winlmt(g) that
1s obtained through the lower-limit guard processing, a
larger one of the primary-side slip limit thrust Winlmt and
the primary-side structural limit mimimum thrust Winmin.
Thus, the primary-side lower-limit thrust Winlmt(g) 1s a
thrust that 1s at least not smaller than the centrifugal thrust
acting 1n the primary pulley 60.

At each of blocks B3 and B6 shown in FIG. §, the
transmission shifting control portion 94 calculates the bal-
ance thrust Wbl. That 1s, the transmission shifting control
portion 94 calculates the secondary balance thrust Woutbl
based on the primary-side lower-limit thrust Winlmt(g), and
calculates the primary balance thrust Winbl based on the
secondary target thrust Wouttgt.

Specifically, the transmission shifting control portion 94
calculates a thrust ratio tin that corresponds to or establishes
the target gear ratio ycvttgt, for example, by applying the
target gear ratio ycvitgt and a reciprocal SFin™" (=Winlmt/
Win) of a primary-side safety factor SFin (=Win/Winlmt) to
a thrust ratio map (tin) shown 1n FIG. 8. The thrust ratio map
(tin) 1s a predetermined relationship between the reciprocal
SFin™' of the primary-side safety factor SFin and the thrust
ratio Tin, with a parameter in the form of the target gear ratio
vevttgt. The thrust ratio Tin 1s a thrust ratio (that corresponds
to “first value” recited in the appended claims) that 1s used
to calculate the thrust applied to the secondary pulley 64,
based on the thrust applied to the primary pulley 60. The
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transmission shifting control portion 94 calculates the sec-
ondary balance thrust Woutbl based on the primary-side
lower-limit thrust Winlmt(g) and the thrust ratio Tin, by
using equation (3) given below. Further, the transmission
shifting control portion 94 calculates a thrust ratio rout that
corresponds to or establishes the target gear ratio yevttgt, for
example, by applying the target gear ratio ycvttgt and a
reciprocal SFout™ (=Woutlmt/Wout) of a secondary-side
safety factor SFout (=Wout/Woutlmt) to a thrust ratio map
(tout) shown 1n FIG. 9. The thrust ratio map (tTout) i1s a
predetermined relationship between the reciprocal SFout™
ol the secondary-side safety factor SFout and the thrust ratio
tout, with a parameter 1in the form of the target gear ratio
vevttgt. The thrust ratio Tout 1s a thrust ratio (that corre-
sponds to “second value” recited in the appended claims)
that 1s used to calculate the thrust applied to the primary
pulley 60, based on the thrust applied to the secondary
pulley 64. The transmission shifting control portion 94
calculates the primary balance thrust Winbl based on the
secondary target thrust Wouttgt and the thrust ratio Tout, by
using equation (4) given below. When the vehicle 10 does
not drive 1tself, namely, when the vehicle 10 1s being driven,
cach of the input torque Tin and the output torque Tout 1s a
negative value, so that each of the reciprocals SFin ',
SFout™" of the respective safety factors SFin, SFout is also
a negative value. Each of the reciprocals SFin™', SFout™'
may be calculated each time when the balance thrust Wbl 1s
to be calculated. Or alternatively, where each of the safety
factors SFin, SFout 1s set to a predetermined value (e.g.,
about 1.0-1.5), each of the reciprocals SFin™', SFout™ may
be reciprocals of such safety factor set to the predetermined

value.

Woutbl=Winimit(g)xTin (3)

Winbl=Wourtgt/tout (4)

As described above, the reciprocals SFin™", SFout™" of the
respective safety factors SFin, SFout, based on which the
thrust ratios tin, rout are calculated, are values based on the
respective slip limit thrusts Winlmt, Woutlmt. Each of the
slip limit thrusts Winlmt, Woutlmt 1s calculated based on the
input torque Tin inputted to the continuously-variable trans-
mission mechanism 24 (see equations (1), (2) given above).
Therefore, 1t can be said that the transmission shifting
control portion 94 calculates, based on the mput torque Tin
inputted to the continuously-variable transmission mecha-
nism 24, the thrust ratio T that corresponds to or establishes
the target gear ratio ycvitgt of the continuously-variable
transmission mechanism 24.

At each of blocks B4 and B7, the transmaission shifting
control portion 94 calculates the gear-ratio changing thrust
AW. That 1s, the transmission shifting control portion 94
calculates the secondary gear-ratio changing thrust AWout
and the primary gear-ratio changing thrust AWin.

Specifically, the transmission shifting control portion 94
calculates the secondary gear-ratio changing thrust AWout,
for example, by applying the secondary target shifting speed
dyouttgt to a gear-ratio-changing thrust map (AWout) shown
in FIG. 10. The gear-ratio-changing thrust map (AWout)
represents, by way of example, a predetermined relationship
between the secondary shifting speed dyout and the second-
ary gear-ratio changing thrust AWout. The transmission
shifting control portion 94 calculates, as the secondary thrust
required to prevent a belt slippage on the primary pulley 60,
a secondary-side shifting-control thrust Woutsh (=Woutbl+
AWout), by adding the secondary gear-ratio changing thrust
AWout to the secondary balance thrust Woutbl. Further, the
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transmission shifting control portion 94 calculates the pri-
mary gear-ratio changing thrust AWin, for example, by
applying the primary target shifting speed dyintgt to a
gear-ratio-changing thrust map (AWin) shown in FIG. 11.
The gear-ratio-changing thrust map (AWin) represents, by
way ol example, a predetermined relationship between the
primary shifting speed dyin and the primary gear-ratio
changing thrust AWin. The transmission shifting control
portion 94 calculates a primary-side shifting-control thrust
Winsh (=Winbl+AWin), by adding the primary gear-ratio
changing thrust AWin to the primary balance thrust Winbl.

In calculations made at the above-described blocks B3

and B4, a predetermined physical characteristic diagram
such as the thrust ratio map (tin) shown in FIG. 8 and the
gear-ratio-changing thrust map (AWout) shown in FIG. 10 1s
used. Therefore, in a result of calculation of each of the
secondary balance thrust Woutbl and the secondary gear-
ratio changing thrust AWout, there exists a variation that 1s
dependent on an individual difference of a hard unit such as
the hydraulic control unit 46 1n terms of physical charac-
teristics. Where such a variation in terms of the physical
characteristics 1s taken into consideration, the shifting con-
trol portion 94 may add a control margin Wmgn to the
primary-side slip limit thrust Winlmt. The control margin
Wmgn 1s a predetermined thrust that corresponds to the
variation 1n terms of the physical characteristics which could
allect the calculation of each of the secondary balance thrust
Woutbl and the secondary gear-ratio changing thrust AWout.
It 1s noted that the calculation could be affected by the
variation 1n terms of the physical characteristics as well as
the variation 1 term of an actual value of the pulley
hydraulic-pressure that i1s generated 1n response to the
hydraulic-control command signal Scvt, and that the calcu-
lation could be aflected by the varnation in terms of the
physical characteristics by a degree, which could be rela-
tively large depending on a kind of hard unit (such as the
hydraulic control unit 46) having the imndividual difference.
However, 1n general, the degree by which the calculation
could be aflected by the variation 1in the physical character-
1stics 1s extremely small as compared with a degree by which
the calculation could be affected by the vanation in the
actual value of the pulley hydraulic-pressure.

At block BS shown 1n FIG. 5, the transmission shifting
control portion 94 seclects, as the secondary target thrust
Wouttgt, a larger one of the secondary-side lower-limit
thrust Woutlmt(g) and the secondary-side shifting-control
thrust Woutsh.

At block B8 shown in FIG. 5, the transmission shifting
control portion 94 calculates a feedback control amount
Wintb. Specifically, the transmission shifting control portion
94 calculates a feedback control amount (=FB control
amount) Wintb that makes the actual gear ratio ycvt coin-
cident with the target gear ratio ycvttgt, by using a feedback-
control formula 1n the form of equation (5) given below. In
the equation (5), “Avycvt” represents the gear ratio deviation
Avevt, “Kp” represents a predetermined proportionality con-
stant, “Ki1” represents a predetermined integral constant, and
“Kd” represents a predetermined differential constant. The
transmission shifting control portion 94 calculates, as the
primary target thrust Wintgt, an amended value (=Winsh+
Winib) of the feedback control amount Winib that is
amended by a feedback control, by adding the feedback

control amount Wintb to the primary-side shifting-control
thrust Winsh.

Winfb=KpxAycvi+Kix (JAyevtdt)+Kdx (dAyevt/dt) (5)
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At each of blocks B9 and B10 shown in FIG. 5, the
transmission shifting control portion 94 converts the target
thrust 1nto a target pulley pressure. Specifically, the trans-
mission shifting control portion 94 converts the primary
target thrust Wintgt into a target primary pressure Pintgt
(=Wintgt/pressure receiving area), based on the pressure
receiving area of the primary hydraulic actuator 60c, and
converts the secondary target thrust Wouttgt into a target
secondary pressure Pouttgt (=Wouttgt/pressure receiving
area), based on the pressure recerving area of the secondary
hydraulic actuator 64c¢. The transmission shifting control
portion 94 sets the primary-pressure command signal Spin
representing the target primary pressure Pintgt and the
secondary-pressure command signal Spout representing the
target secondary pressure Pouttgt.

The transmission shifting control portion 94 supplies the
hydraulic-control command signal Scvt 1n the form of the
primary-pressure command signal Spin and the secondary-
pressure command signal Spout, to the hydraulic control
unit 46, for thereby obtaining the target primary pressure
Pintgt and the target secondary pressure Pouttgt. The
hydraulic control unit 46 regulates the primary pressure Pin
and the secondary pressure Pout, 1in accordance with the
supplied hydraulic-control command signal Scvt.

The pulleys 60, 64 of the continuously-variable transmis-
sion mechanism 24 are rotated even when the second clutch
C21s completely released. Therelfore, also when the second
clutch C2 1s completely released, 1t 1s preferable to control
the continuously-variable transmission mechanism 24 such
that the target gear ratio ycvttgt 1s established without a belt
slippage being caused in the continuously-variable transmis-
sion mechanism 24. Thus, as during the running in the belt
running mode, during the running with the second clutch C2
being completed released, the transmission shifting control
portion 94 controls the continuously-variable transmission
mechanism 24, for example, as shown in the block diagram
of FIG. 5. During the running with the second clutch C2
being completely released, the mput torque Tin inputted to
the continuously-variable transmission mechanism 24 cor-
responds to a drag torque generated 1n the second clutch C2.
The drag torque of the second clutch C2 corresponds to a
torque capacity, namely, a clutch torque of the second clutch
C2 1n a state 1n which the second clutch C2 1s completely
released. During the running with the second clutch C2
being completely released, the transmission shifting control
portion 94 sets the input torque Tin of the continuously-
variable transmission mechanism 24 to a predetermined
torque value corresponding to the drag torque of the second
clutch C2.

If the drag torque of the second clutch C2 1s fluctuated, an
actual value of the mnput torque Tin 1nputted to the continu-
ously-variable transmission mechanism 24 1s deviated from
the above-described predetermined torque value, the gear
ratio ycvt of the continuously-variable transmission mecha-
nism 24 could not be controlled to the target gear ratio
vevttgt. In the present embodiment, when the target gear
rat1o ycvttgt 1s the highest gear ratio ymax during the running
with the second clutch C2 being completely released, a
variation or fluctuation of the drag torque of the second
clutch C2 1s taken into consideration, and a value ToutA
(correspondlng to “second-difference increasing value”
recited 1 the appended claims) of the thrust ratio Ttout,
which provides the primary thrust Win facilitating the high-
est gear ratio ymax to be maintained, 1s used.

When the target gear ratio ycvttgt 1s the highest gear ratio
vmax during the runnming with the second clutch C2 being
completely released, the transmission shifting control por-
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tion 94 sets the thrust ratio wout, which 1s used when
calculating the primary target thrust Wintgt based on the
secondary target thrust Wouttgt, such that the thrust ratio
tout 1s set to the above-described value ToutA that causes a
difference of the primary target thrust Wintgt and the sec-
ondary target thrust Wouttgt to be larger, than a value that
corresponds to or establishes the highest gear ratio ymax as
the target gear ratio ycvttgt. This value toutA (=tout+a),
which causes the above-described difference to be larger,
includes an added value (hereinafter referred to as “thrust-
ratio compensation value”) a in addition to the value that
corresponds to or establishes the highest gear ratio ymax as
the target gear ratio ycvttgt, wherein the thrust-ratio com-
pensation value o 1s determined based on vanation of the
drag torque of the second clutch C2.

As described above, the secondary target thrust Wouttgt 1s
a larger one of the secondary-side lower-limit thrust Wout-
Imt(g) and the secondary-side shifting-control thrust Woutsh
(see block B5 1n FIG. 5). Further, the secondary-side shaft-
ing-control thrust Woutsh 1s calculated based on the pri-
mary-side lower-limit thrust Winlmt(g) that 1s obtained
through the lower-limit guard processing to which the pri-
mary-side slip limit thrust Winlmt 1s subjected by the
primary-side structural limit minimum thrust Winmin. FIG.
14 1s a view showing, by way of a comparative example, a
processing 1n which the secondary target thrust Wouttgt 1s
calculated based on the primary-side lower-limit thrust
Winlmt(g) in the steady state 1n which the gear ratio ycvt 1s
to be kept at the highest gear ratio ymax. In the example
shown 1n FI1G. 14, the centrifugal thrust 1s made large by, for
example, a high value of the primary rotational speed Npr,
whereby the primary-side structural limit minimum thrust
Winmin 1s made larger than the primary-side slip limait thrust
Winlmt, so that the primary-side structural limit minimum
thrust Winmin 1s selected as the primary-side lower-limit
thrust Winlmt(g). In the steady state, the secondary target
thrust Wouttgt (=Winminxtin) 1s calculated based on the
primary-side structural limit minimum thrust Winmin and
the thrust ratio Tin that corresponds to or establishes the
highest gear ratio ymax, and then the primary target thrust
Wintgt (=Wouttgt/(tout+c.)) 1s calculated based on the cal-
culated secondary target thrust Wouttgt and the above-
described value ToutA that facilitates the highest gear ratio
vmax to be maintained. In the example shown 1n FIG. 14, the
calculated primary target thrust Wmtgt 1s made smaller than
the primary-side structural limit minimum thrust Winmain, so
that, even 1I the primary-pressure command signal Spin
representing the primary target thrust Wintgt 1s outputted, an
actual value of the primary thrust Win 1s made become the
primary-side structural limit minimum thrust Winmin that 1s
larger than the primary target thrust Wintgt. Thus, the gear
ratio ycvt of the continuously-variable transmission mecha-
nism 24 cannot be kept at the highest gear ratio ymax.

In the present embodiment, when the target gear ratio
vevttgt 1s the highest gear ratio ymax during the running with
the second clutch C2 being completely released, the trans-
mission shifting control portion 94 sets the thrust ratio tin,
which 1s used when calculating the secondary target thrust
Wouttgt based on the primary-side lower-limit thrust Winlmt
(2), such that the thrust ratio Tin 1s set to a value TinA
(correspondmg to “first-diflerence increasing value” recited
in the appended claims) that causes a difference of the
primary-side lower-limit thrust Winlmt(g) and the secondary
target thrust Wouttgt to be larger, than a value that corre-
sponds to or establishes the highest gear ratio ymax as the
target gear ratio ycvttgt. This value tinA (=tin+a), which
causes the above-described difference to be larger, includes
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an added value (heremafter referred to as “thrust-ratio
compensation value™) a in addition to the value that corre-
sponds to or establishes the highest gear ratio ymax as the
target gear ratio ycvttgt, wherein the thrust-ratio compensa-
tion value a 1s determined based on variation of the drag
torque of the second clutch C2.

FI1G. 12 1s a view showing, by way of example according
to the embodiment of the present invention, a processing in
which the secondary target thrust Wouttgt i1s calculated
based on the primary-side lower-limit thrust Winlmt(g) in
the steady state in which the gear ratio ycvt 1s kept at the
highest gear ratio ymax. In the example shown 1n FIG. 12,
the primary-side structural limit minimum thrust Winmin 1s
made larger than the primary-side slip limit thrust Winlmt,
so that the primary-side structural limit minimum thrust
Winmin 1s selected as the primary-side lower-limit thrust
Winlmt(g). In the steady state, the secondary target thrust
Wouttgt (=Winminx(tin+c.)) 1s calculated based on the
primary-side structural limit minimum thrust Winmin and
the above-described value TinA (=tin+o) which takes
account of variation of the drag torque of the second clutch
C2 and which reliably establishes the highest gear ratio
vmax. Then, the primary target thrust Wintgt (=Wouttgt/
(tout+q.)) 1s calculated based on the secondary target thrust
Wouttgt and the value ToutA (=tout+q.) that facilitates the
highest gear ratio ymax to be maintained. In the example
shown 1n FIG. 12, the primary target thrust Wintgt 1s made
not smaller than the primary-side structural limit minimum
thrust Winmin. Therefore, by outputting the primary-pres-
sure command signal Spin corresponding to the primary
target thrust Wintgt, the gear ratio ycvt of the continuously-
variable transmission mechamsm 24 can be appropriately
kept at the highest gear ratio ymax.

The state determiming portion 96 determines whether the
vehicle 10 1s running with the second clutch C2 being
completely released or not. For example, the running with
the second clutch C2 being completely released corresponds
to running of the vehicle 10 1n the gear running mode in
which the first drive-force transmitting path P11 1s estab-
lished, or corresponds to running of the vehicle 10 1n the
neutral state of the drive-force transmitting apparatus 16.

When determining that the vehicle 10 1s running with the
second clutch C2 being completely released, the state deter-
mimng portion 96 determines whether the target gear ratio
vevttgt 1s set to the highest gear ratio ymax or not.

During the running 1n the gear running mode, the trans-
mission shifting control portion 94 sets the target gear ratio
vevitgt to the highest gear ratio ymax, so that the gear ratio
vcevt of the continuously-vanable transmission mechanism
24 15 controlled to the highest gear ratio ymax, for preparing
for execution of the stepped shift-up action. Upon execution
of the stepped shift-up action, it 1s appropriate that the gear
ratio ycvt of the continuously-variable transmission mecha-
nism 24 1s made to become the highest gear ratio ymax, in
order to restrain an amount of change of the primary
rotational speed Npri1 and maintain a consistency of the drive
force upon the execution of the stepped shift-up action.

During the running 1n the neutral state of the drive-force
transmitting apparatus 16, the transmission shifting control
portion 94 sets the target gear ratio yevtigt to a value that 1s
dependent on the running speed V when the running speed
V 1s 1n a relatively high range, namely, 1s higher than a
threshold value, and sets the target gear ratio ycvttgt to the
highest gear ratio ymax when the running speed V is 1n a
relatively low range, namely, 1s not higher than the threshold
value. The above-described value dependent on the runming,
speed V 1s the target gear ratio ycvttgt that 1s calculated 1n
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accordance with, for example, a CV'T shifting map, as the
target gear ratio ycvttgt calculated during the running in the
belt running mode. In view of switching from the neutral
state to the gear running mode or to the belt running mode,
the above-described threshold value may be, for example, a
value, which 1s defined as a shifting point 1n the stepped
shifting map that 1s used for determination as to whether a
switching between the gear running mode and the belt
running mode 1s to be made, wherein the shifting point 1s a
point at which the switching i1s determined to be made. The
above-described threshold value may be also a value adja-
cent to the shifting point.

When the state determining portion 96 determines that the
vehicle 10 1s running with the second clutch C2 being
completely released and that the target gear ratio ycvttgt 1s
set to the highest gear ratio ymax, the transmission shifting
control portion 94 sets the thrust ratio Tin to the above-
described value TinA (corresponding to “first-diflerence
increasing value” recited in the appended claims) that takes
account of variation of the drag torque of the second clutch
C2, and sets the thrust ratio Tout to the above-described
value ToutA (corresponding to “second-diflerence increas-
ing value” recited 1n the appended claims) that takes account
of variation of the drag torque of the second clutch C2.

Even during the running with the second clutch C2 being
completely released, 11 the thrust ratio Tout 1s set to the value
toutA (that takes account of vanation of the drag torque of
the second clutch C2) when the target gear ratio ycvttgt 1s not
set to the highest gear ratio ymax, the actual gear ratio ycvt
could be easily deviated from the target gear ratio ycvttgt
toward a higher value. On the other hand, the thrust ratio tin
1s set to the value TinA taking account of variation of the
drag torque of the second clutch C2, 1n order to calculate the
secondary target thrust Wouttgt that makes 1t possible to
obtain the primary target thrust Wintgt providing the pri-
mary thrust Win that maintains the target gear ratio ycvttgt,
so as to avoid a risk that the primary thrust Win maintaining
the target gear ratio ycvttgt could not be obtained due to the
primary-side structural limit minimum thrust Winmin.

When the state determining portion 96 determines that the
vehicle 10 1s running with the second clutch C2 being
completely released and that the target gear ratio ycvttgt 1s
set to a value other than the highest gear ratio ymax, the
transmission shifting control portion 94 sets the thrust ratio
tin to the above-described value TinA (=tin+c.) that causes
the difference of the primary-side lower-limit thrust Winlmt
(g) and the secondary target thrust Wouttgt to be larger, than
the value that corresponds to or establishes the target gear
ratio ycvttgt., and sets the thrust ratio Tout to a value that
corresponds to or establishes the target gear ratio ycvttgt.

FIG. 13 1s a flow chart showing a main part of a control
routine executed by the electronic control apparatus 90,
namely, a control routine that 1s executed for keeping the
gear ratio ycvt at the highest gear ratio ymax when the target
gear ratio ycvttgt 1s set to the highest gear ratio ymax during
running of the vehicle 10 with the second clutch C2 being
completely released. This control routine 1s repeatedly
executed during running of the vehicle 10, for example.

The control routine of FIG. 13 1s mitiated with step S 10
corresponding to function of the state determining portion
96, to determine whether an operational state of the second
clutch C2 1s a completely released state or not. That 1s, at
step S10, 1t 1s determined whether the vehicle 10 1s running
with the second clutch C2 being completely released or not.
When a negative determination 1s made at step S10, one
cycle of execution of the control routine 1s completed. When
an aflirmative determination 1s made at step S10, step S20

-
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corresponding to function of the state determining portion
96 1s implemented to determine whether the target gear ratio
vevitgt 15 set to the highest gear ratio ymax or not. When an
aflirmative determination 1s made at step S20, step S30
corresponding to function of the transmission shifting con-
trol portion 94 1s implemented to calculate, as the thrust ratio
tin that 1s used when calculating the secondary target thrust
Wouttgt based on the primary-side lower-limit thrust Winlmt
(g), the above-described value TinA (=tin+c.) that takes
account of variation of the drag torque of the second clutch
C2. Step S30 1s followed by step S40 corresponding to
function of the transmission shifting control portion 94,
which 1s implemented to calculate, as the thrust ratio Tout
that 1s used when calculating the primary target thrust Wintgt
based on the secondary target thrust Wouttgt, the above-
described value ToutA (=tout+a) that takes account of
variation of the drag torque of the second clutch C2. When
a negative determination 1s made at step S20, the control
flow goes to step S50 corresponding to function of the
transmission shifting control portion 94, which 1s 1mple-
mented to calculates, as the thrust ratio tin, the value TinA
(=tin+q.) that takes account of varnation of the drag torque
of the second clutch C2. Step S50 1s followed by step S60
corresponding to function of the transmission shifting con-
trol portion 94, which 1s implemented to calculates, as the
thrust ratio Tout which corresponds to or establishes the
target gear ratio ycvitgt without taking account of variation
of the drag torque of the second clutch C2. Step S40 or S60
1s followed by step S70 corresponding to function of the
transmission shifting control portion 94, which 1s 1mple-
mented to use the thrust ratios T that have been calculated as
described above, 1n calculations of the secondary target
thrust Wouttgt and the primary target thrust Wintgt.

As described above, 1n the present embodiment, when the
target gear ratio ycvttgt 1s the highest gear ratio ymax during,
running of the vehicle 10 with the second clutch C2 being
completely released, the thrust ratio tin, which 1s used for
calculating the secondary target thrust Wouttgt based on the
primary-side lower-limit thrust Winlmt(g), 1s set to the value
TinA (=tin+a) as the first-diflerence increasing value that
causes the difference (first diflerence) between the primary-
side lower-limit thrust Winlmt(g) and the secondary target
thrust Wouttgt to be larger, than the value that corresponds
to or establishes the highest gear ratio ymax as the target gear
ratio ycvttgt, and the thrust ratio Ttout, which 1s used when for
calculating the primary target thrust Wintgt based on the
secondary target thrust Wouttgt, 1s set to the value tToutA
(=tout+c.) as the second-difference increasing value that
causes the difference (second difference) between the sec-
ondary target thrust Wouttgt and the primary target thrust
Wintgt to be larger, than the value that corresponds to or
establishes the highest gear ratio ymax as the target gear ratio
vevttgt. Thus, the primary target thrust Wintgt 1s made not
smaller than the primary-side lower-limit thrust Winlmt(g),
while being made smaller than a thrust value by which the
gear ratio ycvt of the continuously-variable transmission
mechanism 24 1s kept at the highest gear ratio ymax. That 1s,
the thrust ratio T, which corresponds to a higher gear ratio
higher than the highest gear ratio ymax, 1s obtained, and the
secondary target thrust Wouttgt, which makes 1t possible to
obtain the primary target thrust Wintgt that 1s not smaller
than the primary-side lower-limit thrust Winlmt(g), 1s cal-
culated. Therefore, when the target gear ratio ycvttgt of the
continuously-variable transmission mechanism 24 is the
highest gear ratio ymax during the running with the second
clutch C2 being completely released, 1t 1s possible to keep
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the gear ratio ycvt of the continuously-variable transmission
mechanism 24 at the highest gear ratio ymax.

In the present embodiment, when the target gear ratio
vevttgt 1s not the highest gear ratio ymax during the running
with the second clutch C2 being completely released, the
thrust ratio tin 1s set to the value TinA (=tin+c.) that causes
the diflerence between the primary-side lower-limit thrust
Winlmt(g) and the secondary target thrust Wouttgt to be
larger, than the value that corresponds to or establishes the
highest gear ratio ymax as the target gear ratio yevttgt, and
the thrust ratio Tout 1s set to the value that corresponds to or
establishes the target gear ratio yevttgt. Thus, the thrust ratio
T, which corresponds to or establishes the target gear ratio
vevttgt, 1s obtained, and the secondary target thrust Wouttgt,
which makes 1t possible to obtain the primary target thrust
Wintgt that 1s not smaller than the primary-side lower-limait
thrust Winlmt(g), 1s calculated. Further, 1t 1s possible to
avold an actual value of the gear ratio ycvt of the continu-
ously-variable transmission mechanism 24 from being devi-
ated from the target gear ratio ycvttgt toward a higher value.

In the present embodiment, during the running with the
wet-type Irictional engagement device as the second clutch
C2 being completely released, the drag torque of the second
clutch C2 1s handled as the input torque Tin mputted to the
continuously-variable transmission mechanism 24, and each
of the above-described value TinA (=tin+a.) and value ToutA
(=tout+a) (which cause the above-described respective dii-
terences to be larger) contains the thrust-ratio compensation
value o as the added value 1n addition to a corresponding
one of the values tin, rout that establish the highest gear ratio
vmax as the target gear ratio ycvttgt, wherein the thrust-ratio
compensation value ¢ 1s determined based on variation of
the drag torque of the second clutch C2. Thus, the secondary
target thrust Wouttgt, which makes 1t possible to obtain the
primary target thrust Wintgt that 1s not smaller than the
primary-side lower-limit thrust Winlmt(g), 1s appropnately
calculated. Further, each of the value TinA (=tin+ca.) and
value ToutA (=tout+a) can be appropriately set.

In the present embodiment, the running with the second
clutch C2 being completely released corresponds to running
of the vehicle 10 with the first dnive-force transmitting path
being PT1 being established, and the target gear ratio ycvttgt
1s set to the highest gear ratio ymax during the running with
the first drive-force transmitting path PT1 being established.
Thus, i1t 1s possible to keep the gear ratio ycvt of the
continuously-variable transmission mechanism 24 at the
highest gear ratio ymax during the running with the first
drive-force transmitting path PT1 being established.

In the present embodiment, the running with the second
clutch C2 being completely released corresponds to running
of the vehicle 10 1n the neutral state of the drive-force
transmitting apparatus 16 in which the first clutch C1 as well
as the second clutch C2 1s released, and the target gear ratio
vevttgt 1s set to a predetermined value that 1s dependent on
the running speed V during the running 1n the neutral state
with the running speed V being in a relatively high range,
and 1s set to the highest gear ratio ymax during the running
in the neutral state with the runmng speed V that i a
relatively low range. Thus, during the running 1n the neutral
state at the running speed V that 1s 1n the relatively low
range, the gear ratio ycvt of the continuously-variable trans-
mission mechanism 24 can be kept at the highest gear ratio
vmax. Further, during the running 1n the neutral state at the
running speed V that 1s 1n the relatively high range, an actual
value of the gear ratio ycvt of the continuously-variable




US 10,746,295 B2

33

transmission mechanism 24 can be avoided from being
deviated from the target gear ratio ycvttgt toward a higher
value.

In the present embodiment, a larger one of (1) the primary-
side slip limit thrust Winlmt and (1) the primary-side
structural limit mimmimum thrust Winmin 1s selected as the
primary-side lower-limit thrust Winlmt(g). Thus, the sec-
ondary target thrust Wouttgt, which prevents slippage of the
transmission belt 66 on the primary pulley 60 and which
provides the primary target thrust Wintgt that 1s not smaller
than the primary-side structural limit mimmum thrust Win-
min, 1S calculated.

In the present embodiment, a larger one of (111) the
secondary-side slip limit thrust Woutlmt and (1v) the sec-
ondary-side structural limit minimum thrust Woutmin 1is
selected as the secondary-side lower-limit thrust Woutlmt
(g), and then a larger one of (v) secondary-side lower-limait
thrust Woutlmt(g) and (v1) the secondary-side shifting-con-
trol thrust Woutsh that 1s calculated based on the primary-
side lower-limit thrust Winlmt(g), 1s selected as the second-
ary target thrust Wouttgt. Thus, the secondary target thrust
Wouttgt, which prevents slippage of the transmission belt 66
on the primary pulley 60 and on the secondary pulley 64 and
which provides the primary target thrust Wintgt that 1s not
smaller than the primary-side structural limit minimum
thrust Winmin, 1s calculated.

In the present embodiment, the slip limit thrust Wimt,
which 1s minimally required to prevent slippage 1n each of
the primary and secondary pulleys 60, 64, 1s calculated
based on the gear ratio ycvt of the continuously-variable
transmission mechanism 24 and the mnput torque T1 mputted
to the continuously-variable transmission mechanism 24.
Thus, the primary target thrust Wintgt, which prevents
slippage of the transmission belt 66 on the primary pulley
60, 1s appropnately calculated. Further, the secondary target
thrust Wouttgt, which prevents slippage of the transmission
belt 66 on the secondary pulley 64, 1s appropriately calcu-
lated.

In the present embodiment, the continuously-variable
transmission mechanism 24, by which the drive force 1s to
be transmitted through the second drive-force transmitting,
path P12, provides the continuously-variable gear ratio ycvt
that 1s lower than the gear ratio provided by the gear
mechanism 28 by which the drive force 1s to be transmitted
through the first drive-force transmitting path PT1. Thus,
when the continuously-variable gear ratio ycvt of the con-
tinuously-variable transmission mechanism 24 is set to the
highest gear ratio ymax, the gear ratio established in the
second drive-force transmitting path P12 becomes the clos-
est to the gear ratio established in the first drive-force
transmitting path PT1.

While the preferred embodiment of this invention has
been described 1n detail by reference to the drawings, 1t 1s to
be understood that the invention may be otherwise embod-
1ed.

For example, in the above-described embodiment, the
thrust-ratio compensation value o 1s added to each of the
thrust ratios tin, Tout, 1n view of varniation of the drag torque
of the second clutch C2. For example, the thrust-ratio
compensation value o may be eirther of a constant value or
a value that varies depending on a corresponding one of the
thrust ratios tin, Tout. Further, the thrust-ratio compensation
value a. to be added to the thrust ratio tin and the thrust-ratio
compensation value o to be added to the thrust ratio Tout
may be substantially equal to each other, or may be respec-
tive values which are different from each other and which
are dependent on the respective thrust ratios Tin, Tout.
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The above-described control routine shown in the flow
chart of FIG. 13 may be modified as needed. For example,

step S30 may be implemented after implementation of step
S40, and/or step S50 may be implemented after implemen-
tation of step S60.

In the above-described embodiment, the second clutch C2
1s disposed in a drive-force transmitting path between the
secondary pulley 64 and the output shait 30. However, this
arrangement 1s not essential. It 1s possible to employ a
modified arrangement i which, for example, the second
clutch C2 1s disposed 1n a drnive-force transmitting path
between the primary pulley 60 and the input shaft 22. In this
modified arrangement, the secondary shait 62 1s connected
integrally with the output shatt 30, and the primary shaft 58
1s connected to the input shaft 22 through the second clutch
C2.

In the above-described embodiment, the gear mechanism
28 1s a gear mechanism which provides a single gear ratio
that 1s higher than the highest gear ratio ymax of the
continuously-variable transmission mechanism 24. How-
ever, the gear mechanism 28 may be, for example, a gear
mechanism which provides a plurality of different gear
ratios. That 1s, the gear mechanmism 28 may be a gear
mechanism 1n which a shifting action 1s to be executed from
one of two or more gear positions to the other. Further, the
gear mechanism 28 may be a gear mechanism that provides
a gear ratio that 1s lower than the lowest gear ratio ymin of
the continuously-variable transmission mechanism 24 and
another gear ratio that 1s higher than the highest gear ratio
vmax of the continuously-variable transmission mechanism
24.

In the above-described embodiment, the runming mode of
the drive-force transmitting apparatus 16 1s switched
between the gear running mode and the belt running mode,
by using the shifting map in which the shift-up lines and
shift-down lines are defined. However, the running mode of
the drive-force transmitting apparatus 16 may be switched
by setting a gear ratio satisfying the required drive force
Fdem that 1s calculated based on the running speed V and the
accelerator operation amount Oacc.

In the above-described embodiment, the torque converter
20 1s used as fluid-operated drive-force transmitting device.
However, in place of the torque converter 20, any one of
other types of fluid-operated drnive-force transmitting
devices such as a tluid coupling, which do not have a torque
boosting function, may be used, for example. Further, the
fluid-operated drive-force transmitting device does not have
to be necessarily provided. In the above-described embodi-
ment, the dog clutch D1 1s provided 1n the first drive-force
transmitting path P11 through which the drive force 1s to be
transmitted by the gear mechanism 28. However, the pro-
vision of the dog clutch D1 1s not essential for carrying out
the 1nvention.

It 1s to be understood that the embodiment described
above 1s given for illustrative purpose only, and that the
present mvention may be embodied with various modifica-
tions and improvements which may occur to those skilled in
the art.

NOMENCLATURE OF ELEMENTS

12:
14:
16:
22:
24:
28:

engine (drive force source)

drive wheels

vehicle drive-force transmitting apparatus
input shaft (1input rotary member)
continuously-variable transmission mechanism
gear mechanism
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30: output shaft (output rotary member)

60: primary pulley

60c: hydraulic actuator

64: secondary pulley

64c: hydraulic actuator

66: transmission belt (transfer element)

90: electronic control apparatus (control apparatus)
94: transmission shifting control portion

C1: first clutch (first engagement device)

C2: second clutch (second engagement device)

P

P

(1: first drive-force transmitting path

[2: second drive-force transmitting path

What 1s claimed 1s:

1. A control apparatus for a drive-force transmitting

apparatus that 1s to be provided 1n a vehicle having a drive
force source and drive wheels,

wherein the drive-force transmitting apparatus includes:
an mput rotary member to which a drive force 1s to be

transmitted from the drive force source;

an output rotary member from which the drive force 1s to

be outputted to the drive wheels;

a gear mechanism configured to provide at least one gear

rat1o;

a continuously-variable transmission mechanism includ-

ing a primary pulley, a secondary pulley, and a transfer
clement that 1s looped over the primary and secondary
pulleys, such that the primary pulley includes a primary
hydraulic actuator configured to apply a primary thrust,
based on which the transfer element 1s to be clamped by
the primary pulley, and such that the secondary pulley
includes a secondary hydraulic actuator configured to
apply a secondary thrust, based on which the transfer
clement 1s to be clamped by the secondary pulley; and

first and second engagement devices,
wherein the drive-force transmitting apparatus defines a

plurality of drive-force transmitting paths that are pro-
vided in parallel with each other between the input
rotary member and the output rotary member such that
the drive force 1s to be transmitted from the input rotary
member to the output rotary member through the
drive-force transmitting paths,

wherein the plurality of drive-force transmitting paths

include a first drive-force transmitting path that 1s to be
established by engagement of the first engagement
device, such that the drive force 1s to be transmitted by
the gear mechanism through the first drive-force trans-
mitting path when the first drive-force transmitting path
1s established by the engagement of the first engage-
ment device,

wherein the plurality of drive-force transmitting paths

includes a second drive-force transmitting path that 1s
to be established by engagement of the second engage-
ment device, such that the drive force 1s to be trans-
mitted by the continuously-varniable transmission
mechanism through the second drive-force transmitting
path when the second drive-force transmitting path 1s
established by the engagement of the second engage-
ment device,

wherein said control apparatus comprises a transmission

shifting control portion configured to calculate, based
on an 1nput torque inputted to the continuously-variable
transmission mechanism, a thrust ratio which 1s a ratio
of the secondary thrust to the primary thrust and which
corresponds to a target gear ratio of the continuously-
variable transmission mechanism,

wherein, when the target gear ratio 1s a highest gear ratio

of the continuously-variable transmission mechanism
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during running of the vehicle with the second engage-
ment device being completely released, said transmis-
ston shifting control portion 1s configured to set a first
value of the thrust ratio, which 1s used when calculating
a target value of the secondary thrust based on a lower
limit value of the primary thrust that 1s not smaller than
a centrifugal thrust acting on the primary pulley, and to
set a second value of the thrust ratio, which 1s used
when calculating a target value of the primary thrust
based on the target value of the secondary thrust, such
that the first value of the thrust ratio i1s set to a
first-diflerence increasing value that causes a first dii-
ference between the lower limit value of the primary
thrust and the target value of the secondary thrust to be
larger, than a value that corresponds to the highest gear
ratio as the target gear ratio, and such that the second
value of the thrust ratio 1s set to a second-difierence
increasing value that causes a second diflerence
between the target value of the secondary thrust and the
target value of the primary thrust to be larger, than a
value that corresponds to the highest gear ratio as the
target gear ratio.

2. The control apparatus according to claim 1,
wherein, when the target gear ratio 1s not the highest gear

ratio of the continuously-variable transmission mecha-
nism during the runming of the vehicle with the second
engagement device being completely released, said
transmission shifting control portion 1s configured to
set the first value of the thrust ratio to the first-
difference 1ncreasing value, and to set the second value
of the thrust ratio to the value that corresponds to the
target gear ratio.

3. The control apparatus according to claim 2,
wherein the runming of the vehicle with the second

engagement device being completely released corre-
sponds to running of the vehicle 1n a neutral state of the
drive-force transmitting apparatus in which the first
engagement device as well as the second engagement
device 1s released, and

wherein said transmission shifting control portion 1s con-

figured, during the running of the vehicle in the neutral
state at a running speed that 1s 1n a relatively high range,
to set the target gear ratio to a value that 1s dependent
on the running speed, and 1s configured, during the
running of the vehicle in the neutral state at a runming
speed that 1s 1n a relatively low range, to set the target
gear ratio to the highest gear ratio.

4. The control apparatus according to claim 2, further
comprising;
a state determining portion that 1s configured, during

running of the vehicle, to determine whether the second
engagement device 1s completely released or not and
whether the target gear ratio 1s the highest gear ratio or
not,

wherein, when said state determining portion determines

that the second engagement device 1s completely
released and that the target gear ratio 1s the highest gear
ratio, said transmission shifting control portion 1s con-
figured to set the first value of the thrust ratio to the
first-diflerence increasing value, and to set the second
value of the thrust ratio to the second-difierence
increasing value, and

wherein, when said state determining portion determines

that the second engagement device 1s completely
released and that the target gear ratio 1s not the highest
gear ratio, said transmission shifting control portion 1s
configured to set the first value of the thrust ratio to the
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first-difference increasing value, and to set the second
value of the thrust ratio to the value that corresponds to
the target gear ratio.

5. The control apparatus according to claim 1,

wherein the second engagement device 1s a wet-type

frictional engagement device,

wherein said transmission shifting control portion 1s con-

figured, during the running of the vehicle with the
second engagement device being completely released,
to handle a drag torque of the second engagement
device as the mput torque mputted to the continuously-
variable transmission mechanism, and

wherein each of the first-diflerence increasing value and

the second-difference increasing value includes an
added value 1n addition to the value that corresponds to
the highest gear ratio as the target gear ratio, wherein
the added value 1s determined based on variation of the
drag torque of the second engagement device.

6. The control apparatus according to claim 1,

wherein the running of the vehicle with the second

engagement device being completely released corre-
sponds to running of the vehicle with the first drive-
force transmitting path being established, and
wherein said transmission shifting control portion 1s con-
figured to set the target gear ratio to the highest gear
ratio, during the running of the vehicle with the first
drive-force transmitting path being established.

7. The control apparatus according to claim 1, wherein
said transmission shifting control portion 1s configured to
select, as the lower limit value of the primary thrust, a larger
one of (1) a slip limit thrust which 1s minimally required to
prevent slippage of the transfer element on the primary
pulley and (1) a structural limit minimum thrust which

10

15

20

25

30

38

contains the centrifugal thrust acting on the primary pulley
and which acts on the primary pulley.

8. The control apparatus according to claim 7,

wherein said transmission shifting control portion 1s con-

figured to select, as a lower limit value of the secondary
thrust, a larger one of (111) a slip limit thrust which 1s
minimally required to prevent slippage of the transier
clement on the secondary pulley and (1v) a structural
limit minimum thrust which contains a centrifugal
thrust acting on the secondary pulley and which physi-
cally acts on the secondary pulley, and

wherein said transmission shifting control portion 1s con-

figured to select, as the target value of the secondary
thrust, a larger one of (v) the lower limit value of the
secondary thrust and (vi) a value of the secondary
thrust which 1s calculated based on the lower limit
value of the primary thrust.

9. The control apparatus according to claim 7, wherein
said transmission shifting control portion 1s configured to
calculate the slip limit thrust based on a gear ratio of the
continuously-variable transmission mechanism and the
input torque 1nputted to the continuously-variable transmis-
sion mechanism.

10. The control apparatus according to claim 1, wherein
saild continuously-variable transmission mechanism, by
which the drive force 1s to be transmitted through the second
drive-force transmitting path, provides a continuously-vari-
able gear ratio that 1s lower than at least one of the at least
one gear ratio provided by the gear mechanism by which the
drive force 1s to be transmitted through the first drive-force
transmitting path.
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